WATER POWER 


A technical journal devoted to the study of 
all aspects of Hydro-electric developments 


Annualiy 35 shillings by post. Single Copies 2s. 6d. 


Vol. 7 No. 7 


CONTENTS FOR JULY, 1955 


Editorial: The Conservation of Natural Resources 
Editorial Notes - 


Hydraulic Turbine Deficiencies - 
By John Parmakian 


Development in the Angerman Catchment—II 


Flow in Prismatic Channels 
By Edouard Setruk 


Book Reviews” - 


An Experiment in High-Speed Tunnelling 
By H. J. Alexander 


The Fifth International Congress on Large Dams—1 


Short Articles: NCK 205 Excavator New Develop- 
ments in Flaw Detectors New First-Aid Treatment 
for Electric Shock New 50 h.p. Diesel Crawler 
Dynamic Balancing Machine Drott Skid Shovel 


Abstracts from the World Technical Press 


Editor : H. STOREY, M.C., B.Sc., M.I.M.E. 


PUBLISHED BY TOTHILL PRESS LIMITED 
33 Tothili Street, Westminster, London, S.W.1 


Telegrams. Trazette, Parl, London. Telephone: Whitehall 9233 (12 lines). 


MANCHESTER: Century House, St. Peter's Square. Telephone: Central 3101. 
BIRMINGHAM: 90 Hagley Road, Edgbaston. Telephone: Edgbaston 2466. 
NEWCASTLE-ON-TYNE: 21 Mosley Street. Telephone: 22239. 
GLASGOW: 87 Union Street. Telephone: Central 4646. 

LEEDS: 70 Albion Street. Telephone: 27174 
BRISTOL: 8 Upper Berkeley Place, Clifton. Telephone: Bristol 21930. 




















| ba Owen Falls Many mites of 

- ‘power, distribution and control 
cables for the first section of this 
great scheme were supplied and 
installed for the Uganda Electricity 
Board by the BICC Group, who 
are also erecting 120 miles of 
132kV overhead line to carry power 
to Tororo and Kampala. 


Consulting Engineers : 
Sir Alexander Gibb & Partners and 
Messrs. Kennedy & Donkin 


2 Major Hydro-Electric Schemes 
USING BICC | TRANSMISSION EQUIPMENT 


No two hydro-electric schemes are identical. 
Each presents a new set of problems to the trans- 
mission engineer, for terrain, climate and location 
are all important factors in the design, supply and 
installation of transmission equipment. 

That is why BICC are so often employed on 
work of this nature. With their wide overseas 
representation, they have first hand knowledge of 
the difficulties likely to be encountered. Long 
experience and vast manufacturing resources en- 
able them to supply and install hydro-electric 


transmission equipment anywhere in the World. 





Loch Sloy This scheme is now connected with 
the Clachan power station of the Glen Shira 
Hydro- Electric Scheme by a nine mile single 
circuit 132kV overhead line. It was erected for 
the North of Scotland Hydro-Electric Board by 
the BICC Group. Consulting Engineers: 

Messrs. Merz & McLellan of London. 


® Los Peares At Los Peares, Spain, Fuerzas 
Electricas del Noroeste S.A. (Fenosa) have erected 
a dam and a 160,000kW power station. 2,000 ft. 
of BICC Mass-Impregnated Non-Draining multi- 
core control cables connect the power station with 
the switch station. They were supplied through 
our agents in Madrid, Dugopa S.L., to the British 
Thomson-Houston Co., Ltd.—main contractors. 


BRITISH INSULATED CALLENDER’S CABLES Limite D fps 


21 BLOOMSBURY STREET, LONDON, w.G.#. MUSEUM 1600 
Branches and Agents throughout the World. 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 


The Conservation of Natural Resources 


N presenting the first Graham Clark Lecture to The 

Institution of Civil Engineers*, London, recently, 

Sir Harold Hartley gave what he called a “patch- 
work survey of the engineer’s massive contribution” 
to the world’s well-being and called attention to the 
increasing necessity for the conservation of natural 
resources in the face of growing populations and the 
rather frightening depletion of capital reserves. The 
lecture was given in honour of Graham Clark, for 17 
years secretary to the Institution, in recognition of his 
great services, particularly in regard to his insistence 
on the essential unity of the engineering profession. 

As a first essential to all forms of life and industry 
Sir Harold placed water, and considered that its con- 
servation demanded the highest priority. It was strange, 
he thought, that of all the water in the world there was 
only one part in 100,000 in the hydrologic cycle in the 
atmosphere on which the whole of organic life de- 
pended. Of the rest, 98 per cent. was in the sea and 
98 per cent. of what was left was frozen in the polar 
ice caps, leaving only 0-04 per cent. to flow in our 
rivers and lakes. 

It was the skill of the engineer, he stated, that made 
possible the temples and pyramids of Egypt, the great 
cities of Ur of the Chaldees, Babylon, Nineveh and 
Ctesiphon, for the economy of these early civilisations 
depended on irrigation and the art of irrigation was 
essentially one of engineering. Nowadays, the irriga- 
tion scheme pure and simple was rather a rarity as 
great advantages were attained by having multiple- 
purpose schemes, in which such objectives as power 
supply, flood control and, in some instances, trans- 
port facilities, could be achieved. The Tennessee 
Valley scheme, with its 27 dams and reservoirs con- 
trolling a river basin of 40,000 sq. miles in area was 
a case in point, and there were many others—Grand 
Coulee and Hoover, also in the United States; the 
Dokan dam which would control the floods on the 
Tigris and provide irrigation for 2,000 sq. miles; the 


* “The Engineer's Contribution to the Conservation of Natural Re- 
sources.’ Graham Clark Lecture, presented by Sir Harold Hartley, 
K.C.V.O.. F.R.S., at The Institution of Civil Engineers, Storey’s Gate, 
London, S.W.1 
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Warsak dam and power station on the Kabul river 
in Pakistan; and the projected Volta River and Shire 
Valley schemes in Africa, both of which would pro- 
vide large blocks of power and irrigate many square 
miles of otherwise unproductive land. All these and 
many other schemes represented positive gains which 
provided much needed power and still more neces- 
sary food. 

Unfortunately, as Sir Harold reminded his audience, 
there was another side to the picture. The very speed 
with which man was changing his own environment 
was apt to make him forget that the slow processes 
of nature were still at work; the forces that smoothed 
the profile of our planet and had produced the soil 
from barren rock were still alive and needed to be 
considered. Thousands of millions of tons of rock 
particles passed down our rivers each year, chiefly 
during the seasonal floods which it was sought to 
impound, thus facing the dam builder with the di- 
lemma that the greater his success in controlling floods 
the shorter would be the useful life of his reservoir. 
In consequence, in 200 years’ time, Lake Mead, above 
the Hoover dam, would be an alluvial plain and the 
lives of many other reservoirs could be reckoned at 
100 years or less. Here, then, it was necessary for the 
engineer to become an agronomist and think in terms 
of planting trees or other ground cover to bind loose 
soil, or of terracing the land to prevent erosion and 
muddy streams. Much attention was therefore being 
directed to this problem but no real solution has yet 
been found. Subsidiary silt catchments could, of 
course, be built upstream of the main dam, but they 
would necessarily have a limited life. At one time 
there was some hope of making use of the fact that a 
stream of denser water, loaded with rock particles. 
persists for some distance along the floor of the 
reservoir, so that by opening a bottom sluice during 
times of flood substantial quantities of silt could be 
discharged. These hopes had not been realised in 
practice, however, as the action of the bottom sluices 
had proved to be extremely local. 

Sir Harold then turned his attention to the im- 
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proved techniques which the engineer has evolved in 
his methods of surveying, dam construction and model 
studies, all of which had been so helpful in the quick 
development of hydraulic projects. The aerial survey 
had revolutionised the methods of large-scale map 
making, and by means of photographs taken with 
stereoscopic cameras it was now possible to trace the 
contour lines so that preliminary mapping could be 
done with great speed and accuracy. Again, modern 
geophysical methods enabled an accurate knowledge 
to be gained about underlying strata—an essential 
preliminary to the design of engineering structures 
and this afforded a great saving in time and effort 
The depth of the water table also had to be deter- 
mined and this could be done very effectively b- 
measuring the electrical resistance of the soil and sub- 
soil, which was largely dependent on the water con- 
tent. This method, he mentioned, was used in the 
survey of the projected dai site in the Kariba Gorge 
on the Zambesi. 

[he progress which had been made in consiructing 
concrete dams had largely arisen from the scientific 
analysis which had been made of the stresses in a 
structure, but also from the experience gained in con- 
structional methods and our increasing knowledge of 
the properties of concrete. Also the use of models nad 
proved invaluable in assessing the effects of all the 
independent variables which were involved in, say. 
changing a river flow, and which were often too com- 
plex for solution by theoretical analysis. Scale models 
enabled the effects of changed conditions to be speeded 
up a thousandfold and although no model could re 
produce in detail all the conditions of the original, 
it did enable a working forecast to be made so long 
as the similitude was planned with sufficient accuracy 
and its limitation clearly recognised. 

In the limits of our space it has not been possible 
for us to touch on more than a few of the points 
which Sir Harold discussed in the course of his address 
and we have necessarily confined ourselves to what 
concerns the hydro-electric engineer. His review is 
very much more comprehensive in its scope than we 
have indicated. as it refers to all forms of energy and 
raw materials, extractive metallurgy, synthetics, build- 
ing structures, the fabrication of metals, wear and 
corrosion, and the conservation of human labour. 
The main points of his conclusions are, however, of 
interest to all engineers and we give them in summary 
form here. By and large, he considers, all new tech- 
niques are based on the application of research and 
their growing complexity tends to breed new kinds 
of specialists with the danger that that involves. The 
remedy, he suggests, lies in having a synthesis of 
specialists to undertake the combined operations 
which great engineering projects now demand. There 
was consequently a clear need for a beiter under- 
standing between sister professional Institutions, so 
that co-operation might be more effective. A further 
point was that Nature cannot be controlled: she will 
always have her way, but with more intimate under- 
standing a new partnership became possible with the 
great forces and resources that she embraced. A final 
conclusion was that in each generation there is a limit 
to what is possibie. A limit was imposed by the re- 
sources and skills that were available to man. Con- 
sequently there was a call. in the future, to use those 
skills and resources to the best all-round advantage, 
and their unequal distribution among the couniries 
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of the world implied some form of planning if th 
were to be conserved for the continued use and e 
richment of man. 


Transformer Built in Aluminium 


Te largest aluminium-wound power transform 
yet to be built is now under construction in the § 
Catharine’s plant of the English Electric Co. 
Canada Ltd. It will play an important part in the e 
pansion programme now under way at the Kitima; 
smelter of the Aluminium Company of Canada. T! 
expansion plan begun in October, 1954, will add 
60,000 tons to Kitimat’s present aluminium produc- 
tion capacity, while a further extension now authorised 
for completion in 1959 will bring the total capacity 
up to 331,500 tons of aluminium a year. 

The new transformer will be of 70,000 KVA capa 
city and will step down from 275 kV to 13-2 kV. the 
total length of the aluminium wire, rectangular in 
cross section, used in the structure will be well ove: 
42 miles. The high-voltage winding will be insulated 
with an appropriate number of paper layers, while 
the low-voltage wire will have an extra-heavy Forme! 
coating. The total weight of the aluminium wire will 
be about 11,000 Ib. 

Alcan already has a number of aluminium-wound 
transformers in operation in various places, and all 
have given perfectly satisfactory service. They rang: 
in size from 220 to 20,000 kVA. Aluminium was 
selected for the winding material of the new 70,000 
kVA unit in order to provide an opportunity for a 
major electrical manufacturer to study the design and 
economics of aluminium in a large power transformer, 
which will thus provide practical data for the future 
extension of this interesting development. 


Moray Scheme Inaugurated 


THE Moray hydro-electric scheme, which will make 
power available to 2,000 consumers in the Moray 
area, was inaugurated recently at a ceremony at Raf 
ford, near Forres, when Mr. James Stuart, Secretary 
of Siate for Scotland, performed the opening cere- 
mony. Sir Hugh Mackenzie. Vice-Chairman of the 
Board, said that the scheme would cost £500,000 
and would give some 80 per cent. of the potentia! 
consumers in Moray a supply of electricity. That 
figure might be expanded to 90 or 95 per cent. 


Costa Rica’s Problems 


More than nine-tenths of the power generated in 
Costa Rica is derived from hydro-electric plants and 
these are affected to a serious degree in the dry season 
which begins in January and may last until June 
During this period only fifty per cent. of the installed 
capacity is available and this at a time when energ) 
is urgently needed for pumping water to irrigated 
areas. In view of this deficiency the Instituto Costa 
rricense de Electricidad has decided to install diese! 
plant to the tune of 60,000 kW capacity. This projec! 
is being partially financed by a $1,023,000 credit ad 
vanced by the Export-Import Bank. The new plant 
which is to be erected at St. Jose, will consist of four 
16,500 kVA Westinghouse generators direct-coupled 
to diesel engines supplied by The Nordberg Manu 
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facturing Company, of Milwaukee, the main contrac- 
tors. In addition to the generators, the Westinghouse 
Electric International Company are also supplying 
the transformers, switchgear and other electrical 
apparatus. It is expected that the plant will be all 
ready for operation before the dry season begins next 
year. 


Model Investigations on Wave Action 


THE Hydraulics Research Station at Wallingford. 
England, has contracted to carry out two investiga- 
tions for Sir William Halcrow and Partners, consult- 
ing engineers, in connection with a new harbour which 
it is proposed to construct at Tema on the Gold Coast. 
One investigation will be carried out on a large model 
of Tema harbour built to an undistorted scale of 
1/120 and will be used in studying the behaviour of 
long and short-period waves in and around the har- 
bour. Such tests are necessary to ensure that ships 
using the harbour will be suitably protected from 
wave action. The present design of harbour in its 
various stages of development will be tested in the 
model and, subsequently, the effects of shortening the 
breakwaters and other modifications will be examined. 
The model, and its associated equipment, is now 
under construction. 

The other investigation is concerned with the stabi- 
lity of the breakwaters of Tema harbour. These 
breakwaters will be constructed of large rubble, and 
will inevitably be subjected to severe wave action. 
Their behaviour under storm conditions is at present 
being studied on a model of a typical section of the 
breakwater built in the 54 ft. wave tank to an undis- 
torted scale of 1/40. The tests will indicate in what 
way the large rocks—which will form the greater part 
of the breakwater—should be arranged and graded 
so that they will remain undisturbed by the largest 
waves. Various modifications of the original design 
are also being tested in order to minimise over- 
topping of the breakwater by waves. 


ECE Power Committee’s Studies 


THE United Nations Economic Commission for 
Europe (ECE) has reported on the results of a recent 
meeting of its Committee on Electric Power. The 
Committee dealt with international action for the con- 
struction of electric power plants in particular coun- 
tries and their operation for both internal and inter- 
national purposes. 

Other matters considered were the possibilities of 
developing the use of electricity in the home, the gross 
hydro-electric potential of Europe, methods for fore- 
casting electric power consumption, rural electrifica- 
tion, production of electric power by nuclear reactors 
and statistical questions. The Committee met under 
the Chairmanship of Mr. Ake Rusck (Sweden). 

With regard to international action the Committee 
proposed the setting up of an inter-governmental co- 
ordination committee to study the arrangements for 
the execution of the “Yougelexport” scheme to pro- 
duce hydro-electric power for export to Austria, 
Western Germany and Italy, and to facilitate the nego- 
tiation of inter-governmental agreements to match the 
bilateral contracts concluded between the countries 
concerned. The Power Committee also took note of a 
report on “ Interalpen” activities during 1954, as well 
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as a report on the hydro-electric development of the 
Our valley. The representative of Turkey supplied the 
Committee with further information concerning the 
plan for studying the development of the Tigris and 
Euphrates in concert with Iran, Iraq and Syria. Mr. 
D. Tonini (Italy), chairman of the Group of Experts 
engaged in studying the hydro-electric potential of 
Europe, has now presented a report. This potential is 
being studied on a seasonal basis, and the Group has 
had to spend much time in agreeing on official defini- 
tions of hydrological terms so that their findings shall 
have uniform and comparable values. The general 
secretariat study already published (E/ECE/EP/131), 
which assessed the annual resources of various coun- 
tries in Europe. is now being extended to include 
Turkey, Greece, and those parts of Yugoslavia not 
yet covered. 


Lac Casse Generators 


Mertropotiran - VICKERS ELECTRICAL 
EXPORT CO. LTD. has received an order from the 
Quebec Hydro-Electric Commission for four 138,000 
kW waterwheel generators. The value of this con- 
tract is understood to approach 3 million dollars. 
These machines, which will be the most powerful of 
their kind in the world, will be manufactured at Traf- 
ford Park Works and it is expected that the first two 
will be commissioned by the end of 1956. They will 
be installed at the Lac Casse development on the Ber- 
simis river. and will be engaged principally in supply- 
ing power to Quebec and Montreal. Each generator is 
rated at 120,000 kVA for normal service and 138,000 
kVA for maximum continuous service, both ratings 
being at any power factor from 0-95 to unity. The 
speed is 277 revs. per min., and the voltage 13-8 kV 
at a frequency of 60 cycles per sec. The generators 
are vertical-shaft machines driven by Francis-type 
turbines, and will employ a special type of spring- 
supported thrust bearing. Each generator will be con- 
trolled on the Metropolitan-Vickers ultra-rapid vol- 
tage regulating system, and the firm will also be re- 
sponsible for the delivery, erection and commission- 
ing of these machines on site. 


Developments in the Belgian Congo 


AccorDING to a report in The New York Times 
the Belgian Government has decided to go ahead with 
an ambitious hydro-electric scheme near Isangila, on 
the Congo River between Leopoldville and Matadi. 
A total capacity of 20 million kW is contemplated, 
and the plants are to produce 168,000 million kWh a 
year, that is to say about one-fifth of the present con- 
sumption of electric power in the United States. Cost 
per kW capacity is estimated at 3,000 Belgian Fr. ($60 
or about £21), which is described as a record low for 
the whole world. Preliminary technical studies are 
expected to take three years and it is expected that 
the project will be financed by both public and private 
capital, with foreign concerns participating. Accord- 
ing to a declaration made by the Belgian Minister of 
Colonies, it is likely that, in the initial period, partici- 
pating concerns would enjoy total or partial exemp- 
tion from income tax and company registration duty. 
As for non-Belgian concerns the Minister hinted at 
measures guaranteeing that there would be no nationa- 
lisation or expropriation and that capital could be re- 
patriated and dividends and profits exported. 
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Hydraulic Turbine Deficiencies 


[his paper describes several serious deficiencies which were 
observed at various hydraulic turbine installations in the United 
States. It includes an account of some of the causes leading to the 
failure of bolted bucket-type runners for impulse turbines, the 
excessive distortion of a large-diameter stay ring for a Francis 
turbine, the objectionable vibration of turbine shafts at several 
installations, and the failure of a large-diameter spiral case for a 
Francis turbine due to excessive bending in the stay vanes. 


By JOHN PARMAKIAN' 


EARLY everyone associated with the hydraulic 
turbine industry has at one time or another heard 
disturbing reports of serious failures for which 
there appears to be no feasible explanation. In this 
paper an attempt is made to provide an account of 
several of these installations where it was possible to 
locate the source of the failure. The identity of these 
installations has been intentionally omitted. 
Failure of Bolted Bucket Runners for Impulse 
Turbines 
An article in an engineering journal some time agi 
described a failure which occurred in a bolted bucket- 
type runner for an impulse turbine while driving a 
25,000 kVA generator’. Unfortunately, such failures 
have not been uncommon in the hydraulic turbine in- 
dustry, and hence this type of design is avoided by 
some manufacturers whenever possible. If the buckets 





Fig. 1. Photoelastic fringe pattern of model assembly 
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are secured to the wheel disc by bolts having small 
interference fits, the intermittent jet load acting on the 
bucket momentarily relieves the radial pressure at the 
edge of the hole; a microscopic movement of the 
bolt with respect to the bore of the wheel disc and 
bucket lugs then takes place at the joints between the 
bucket lugs and wheel disc as the jet load is applied 
and removed from each bucket. Such a movement, 
though slight, causes the bucket bolts to loosen gradu- 
al!y and leads to their eventual failure, with reper- 
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Fig. 2. Photoelastic model assembly of bolted bucket 


cussions on other parts of the assembly. If the bucket 
lugs are secured to the wheel disc by bolts having 
large interference fits, the additional tensile stresses 
induced in the bucket lugs and wheel disc by the cen- 
trifugal forces and intermittent jet loads may be high 
enough, at certain locations, to start a crack which 
will also lead to the ultimate failure of the assembly 
Similar failures at fitted members subject to variable 
stress have also been encountered in other industries’ 

Photoelastic models have been used recently to 
determine the stress distribution in bolted bucket-type 
runners. A typical fringe pattern of a model assembly 
for a radial load acting on the bucket is given in 
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Fig. 3. Radial tensile stress distribution along axis of 
bolt 


Fig. |. This photograph shows that the primary source 
of the difficulty is due to the presence of high stress 
concentrations in all of the members at the joints be- 
tween the wheel disc and bucket lug. After consider- 
able experimentation it was found that a substantial 
reduction in stress at these critical locations could be 
obtained by the use of properly proportioned concen- 
tric stress-relieving grooves located around the bolt 
holes of the wheel disc and bucket lugs as shown in 
Fig. 2. The maximum tensile stresses in the wheel disc 
and bucket lug model for a particular combination 
of press fit and dynamic load as measured photoelas- 
tically along the axis of the bolt is shown in Fig. 3. 
This study shows that at the edges of the hole where 
a failure crack is most likely to start, the tensile 
stresses in the wheel disc and bucket lugs have been 
reduced by about 40 per cent. by the use of the stress- 
relieving grooves. Stress-relieving grooves of this type 
have been used recently by one turbine manufacturer 
at a bolted bucket-type runner for a 140,000 h.p. 
impulse turbine. 


Excessive Distortion of a Large 
Diameter Stay Ring 

During the field testing of a 
large diameter riveted spiral case 
for a 35,000 h.p. Francis  tur- 
bine, the difference between the 
maximum and minimum bore 
diameters of the upper stay ring 
was found to be about } in. when 
the design pressure was applied 
to the case. Since this spiral case 
was to be encased in concrete 
while the case was under pressure, 
the distortion of the stay ring was 
far greater than that considered 
permissible for the proper assembly 
of other parts of the unit. The stay 
ring was eventually rounded out 
satisfactorily while the case was 
under pressure. However, this was 
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accomplished only with considerable difficulty and 
expense by using compression struts with 100-ton 
jacks and tension members with 35-ton turn-buckles 
as shown in Fig. 4. 

Subsequent to this field experience, a detailed dis- 
tortion analysis of this turbine stay ring was made. 
For this particular design the excessive distortion was 
found to be due to the wide variation around the cir- 
cumference of the horizontal component of the forces 
exerted by the spiral case shell, and also to the lack 
of sufficient moment of inertia about a vertical axis 
of the stay ring section. Fig. 5 shows how the com- 
puted horizontal forces around the periphery of the 
stay ring varied when the design pressure was applied 
to the case. 

To estimate the distortion of the stay ring under 
such a loading, the special circular ring solution 
shown in Fig. 6 was used. This solution is applicable 
to a concentrated load acting radially outward in the 
plane of the ring and reacted by tangential shears 
varying sinusoidally around the periphery in the man- 
ner shown‘. In order to use this solution, the horizon- 
tal loads exerted by the spiral case shell were replaced 
by a number of equivalent concentrated loads around 
the ring. The diametrical deflection due to each con- 
centrated load was then computed at each 15° loca- 
tion around the ring by the use of the table show in 
Fig. 6, and the total deflection at each location ob- 
tained by summing up algebraically the effects due 
to all of the concentrated loads. The maximum differ- 
ence in the diameters of the stay ring obtained by 
this method of computation was about ,°. in. as com- 
pared to the observed value of } in. At this particular 
installation the distortion of the upper stay ring could 
have been kept within allowable limits if the test 
barrel, which was bolted on to the upper stay ring, had 
been designed to react these varying horizontal loads. 
Another alternative, which was used at other installa- 
tions, was to stiffen the upper stay ring assembly with 
the turbine head cover. 


Objectionable Turbine Shaft Vibration 

An unusual turbine shaft vibration was experienced 
at a vertical-shaft Francis turbine installation, of 
9,750 h.p. capacity, at which the bearings were located 
as shown in Fig. 7. The generator bearings were of 
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Fig. 5. Horizontal loads exerted on upper stay ring 


the usual oil-lubricated type and turbine guide bear- 
ing of the water-lubricated type, having a stainless 
steel sleeve around the turbine shaft in contact with 
the bearing shoe material. Operation of the unit was 
smooth below 0:2 and above 0-6 gate. However, when 
operating from about 0:2 to 0-6 gate the shaft vibra- 
tion was very objectionable. Observations taken with 
a vibrometer indicated lateral movements at the shaft 
coupling of about 0-040 in, and vibrations having a 
frequency of about 12 cycles per second. This fre- 
quency was about three times the normal rotational 
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Where 6&8 = diometricol deflection of the ring ininches at B* from the 
point of application of the concentrated radial lood 6s 
iS positive for an increase in diameter; 


W = concentrated radial load in pounds; 

R = radius to centroid of the effective stay ring sectionin 
inches, 

E = modulus of elasticity im pounds per inches? - 


I = moment of inertia of cross section in inches® of effective 
stay ring section about the vertical centroidal OxIs; 
K = deflection coefficient as defined inthe table 
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Fig.6. Deflectionof acircular ring due to a concentrated 
radial load and reacted by tangential shears varying 
sinusoidally around the periphery of ring 


244 


speed of the unit. After a short period of operatio: 
the rotating elements of the turbine were removed an 
realigned to correct minor irregularities which ha 
been previously considered acceptable. Prior to re 
assembly the turbine runner was also dynamicall, 
balanced. However, these modifications had only 
minor effect on the objectionable vibration. Subse 
quent changes in the bearing-shoe material and fur 
ther filtering of the water entering the bearing did not 
appear to have any appreciable effect. 

A study of the oscillograph records of the shaft and 
turbine guide bearing movements, which were taken 
at a later date, indicated that the frequency of the 
objectionable shaft vibration was not constant but 
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Fig. 7. Location of bearings for a vertical turbine 
installation 


varied between 10 and 12 cycles per second. Shaft 
vibrations having identical ranges of frequencies and 
magnitudes were also measured during the starting 
up of the unit when the shaft appeared to chatter. 
Although the normal shaft rotation was clockwise, an 
analysis of the oscillograph records showed that the 
shaft whirled in a counterclockwise direction within 
the turbine guide bearing clearances during the ob- 
jectionable vibration. At the same time, the guide 
bearing housing whipped clockwise in the same direc- 
tion as the normal shaft rotation. The temporary 
introduction of oil into the water lubricating this bear- 
ing resulted in an immediate reduction in both the 
magnitude and frequency of the shaft vibration. This 
type of shaft vibration was identified as a self-induced 
vibration’ and was due to excessive turbine guide- 
bearing friction combined with large lateral shaft 
movements within the bearing as shown in Fig. 8. It 
was concluded that the particular type of stainless 
steel sleeve used at this water-lubricated bearing was 
not suited for bearing purposes. This water-lubricated 
turbine guide bearing has been replaced with an oil- 
lubricated bearing and the objectionable shaft vibra- 
tion is no longer present. 

A second example of excessive shaft vibration 
occurred at another installation where three vertical- 
shaft units, of 14,000 h.p. capacity each, were operat- 
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Fig. 8. Shaft whirl caused by dry friction 


ing under high tailwater conditions. Two of these 
units could not be loaded above the 0:5 gate position 
because of excessive vibration of the generator exci- 
ters, which were located above the main generators 
The observed vibration frequency of 20 cycles per 
second was about three times the normal rotational 
speed of the unit. A disassembly and realignment of 
one of these units did not alter the vibration. After 
considerable experimentation it was found that the 
introduction of compressed air below the turbine head 
cover completely eliminated the vibration of the ex- 
citers. Although the exact cause of the vibration was 
not pinpointed at this installation it was concluded 
that the source was hydraulic in nature and was loca- 
ted within the turbine. 


Spiral Case Failure 

A serious structural failure occurred during the field 
pressure test of a large-diameter spiral case for a 
140,000 h.p. turbine. The case consisted of bolted 
flanged sections of welded cast and plate steel con- 
struction. Each section was thermally _ stress-re- 
lieved after the welding had been completed. The 
failure occurred in one of the spiral case sections and 
appeared to start in the cast steel at the junction of 
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the stay ring and the leading edge of one of the stay 
vanes. After the repairs had been completed and the 
spiral case reassembled, a number of SR-4 type strain 
gauges were installed inside the case at the junction 
of the stay ring and the leading edge of several of 
the stay vanes. At some locations these strain gauges 
indicated the presence of yield-point tensile stresses 
with an internal pressure in the casing of about two- 
thirds of the required maximum test pressure. 

In computing the stresses in the stay vanes due to 
internal pressure in the case, it is usually assumed that 
the stresses in the vanes are uniform direct tensile 
stresses and are due to the vertical component of the 
forces exerted on the stay vanes. After the failure 
occurred, a more detailed stress analysis of this design 
was made and included the determination of the twist- 
ing effect on the stay ring due to the spiral case shell 
stress resultant. This stress analysis indicated yield 
point tensile stresses at the junction of the lower stay 
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Fig. 9. Stay ring design used in lucite model assembly 





Fig. 10. SR-4 type strain gauges mounted on spiral case model 
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ring and leading edge of the stay vanes at the required 
test pressure. This was due to the fact that the lower 
stay ring had little resistance to twisting and hence 
the vertical component of the spiral case shell stress 
resultant had to be reacted with considerable eccen- 
tricity by the stay vanes, so producing bending as 
well as direct stresses in the stay vanes. 

In addition to these theoretical stress studies, SR-4 
type strain gauge measurements were taken on a care- 
fully constructed Lucite model, Fig. 9, designed for 
a 39,500 h.p. turbine. The model test set-up with strain 
gauges is shown in Fig. 10. These strain gauges indi- 
cated the presence of yield-point stresses at the junc- 
tion of the stay ring and the leading edges of the stay 
vanes. During the latter phases of the model tests, 
tensile failure cracks occurred at the junction of the 
leading edges of three of the vanes with the upper stay 
ring section as the test pressure was increased. These 
field and model tests, together with the theoretical 
stress studies, indicate that the assumption of uniform 
direct tensile stress in the stay vanes is incorrect for 
some designs. This is especially true when the stay ring 
has little resistance to twisting, and the twisting effects 


“On Load” Tap Change Gear. Brush Electrical Engi- 
neering Co. Ltd., Loughborough, is now producing 
its own “on load” tap change gear for 3-phase power 
and regulating transformers. The 33 kV gear is built 
in two ratings, 250 amp and 400 amp, and is of tradi- 
tional British design. It is tested under conditions of 
load which include surge currents and voltages and is 
suitable for use anywhere in the world, in ambient 
temperatures ranging from minus 30°C. to 40°C. It 
utilises the reactor principle in the transitional stage 
from one tapping to another. 

Selector and divertor switches are in separate tanks. 
The former compartment is separated from that in the 
main transformer tank so that the oil may be piped 
through the Buchholz relay to the conservator. A 
wide range of supply variations is catered for by 21 
positions for selection of voltage. 

Metheds of control have been devised and tested 
to enable parallel operation of a number of units in 
sequence. The most usual are: (a) hand manual 
operation; (b) electrical manual operation at the 
transformer by push button or voltage control switch; 
(c) remote electrical manual operation by push but- 
ton or voltage control switch; (d) remote automatic 
operation by voltage regulating relay; (e) automatic 
operation by voltage regulating relay compensated for 
resistance and reactance drops in the line simulated 
in an auxiliary circuit; (f) parallel operation of any 
number of transformers up to four with one as a 
“master” unit with any of the above control schemes; 
(g) a supervisory point controlling either individual 
or parallel operation of a number of units. 


Travelling Display. To keep customers throughout the 
country familiar with their products and latest de- 
velopments, British Insulated Callender’s Cables 
Limited have brought into service a demonstration 
caravan which will tour the country with a compre- 
hensive exhibition showing in great detail the use of 
plastic compounds, such as P.V.C., polythene and 
P.T.F.E., in the manufacture of all types of electric 
cables and flexibles. There are displays showing the 
composition of the plastic materials used for insulating 
and sheathing electric wires and cables while other 
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exerted by the spiral case shell stress resultacts ar 
large. 
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sections illustrate a large number of products in which 
these plastics are used. The samples, over 600 in 
number, include cables and flexibles for power dis- 
tribution, light duty domestic appliances, mines, and 
telecommunications. 
Drainage and Irrigation Work, Walter E. Blomgren, 
Assistant Chief Engineer of the Bureau of Re- 
clamation at Denver, Colorado, has now retired from 
the Bureau after completing more than 42 years of 
Government service. He is opening a consulting office 
in Denver, specialising in irrigation and drainage de- 
velopments in America and abroad. His career 
includes virtually every phase of investigations, pro- 
ject planning, and design of irrigation developments in 
the western United States. In 1944. he was appointed 
Regional Engineer of the Bureau’s Region 7 in Den- 
ver, and in 1947 was named Assistant Regional 
Director and served in that position until his pro- 
motion to Assistant Chief Engineer of the Bureau. 
He was with the Office of Indian Affairs from 1922 
to 1929. as project engineer in charge of design, con- 
struction, and operation of the 60,000-acre Fort Hall 
project. In 1929, he returned to the Bureau of Re 
clamation where he was assigned to the Chief En 
gineer’s offices on the preparation of final plans for 
features of the Hoover dam. In later years, he directed 
the preparation of preliminary designs, estimates, and 
reports on many Bureau dams and power plants. 
Among numerous professional engineering activi- 
ties, he was president of the Colorado Section of the 
American Society of Civil Engineers in 1952 and 
Chairman of the Irrigation and Drainage Division 
executive committee in 1954. In the same year he was 
elected chairman of the newly formed United States 
Committee of the International Commission on Irriga- 
tion and Drainage. 
Achany-Inveran Tunnel. In referring to this tunnel, 
which forms part of the Loch Shin hydro-electric pro- 
ject, in our May. 1955, issue, page 161, we regret that 
we omitted to state that Sir M. MacDonald & Partners 
of London were appointed consulting engineers for 
this project by the North of Scotland Hydro-Electric 
Board. 
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Developments in the Angerman 


Catchment 


In this article we describe the mechanical and electrical equip- 

ment of the Kilforsen station, the civil-engineering features of 

which were described last month. The station has an aggregate 
capacity of 285 MW. 


PART TWO 


HE underground machine hall at Kilforsen is de- 

picted in Fig. 19 and houses three generating sets. 

Each unit is rated at 95 MW and consists of a 
KMW Francis turbine driving an ASEA generator 
The turbine in each case operates on a gross head of 
95 m. and can develop 112,730 h.p. at 167 r.p.m. The 
runner (Fig. 20) is cast in stainless steel, and has a 
nominal diameter of 3-6 m. and a maximum diameter 
of 4-1 m. 

The turbine shaft is hollow, and at the bottom of 
the bore is a non-return ball valve which allows the 
runner to be aerated when necessary but prevents 
back surge. A Huhn-type gland is used, preceded by 
a labyrinth packed with graphite grease to trap grit. 
Leakage water is removed from the turbine cover by 
an ejector fed from the spiral casing, but as a standby 





Fig. 19. The machine 
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a d.c. motor-driven pump is available which starts 
automatically when the water rises sufficiently to 
touch an electrode in the leakage-water sump. 

The guide bearing is lubricated by gravity flow from 
an upper to a lower oil chamber. Oil is returned to the 
upper chamber by an a.c. motor-driven Imo pump 
mounted on the cover of the upper oil chamber; a 
standby d.c. motor-driven Imo pump is also provided. 

Since the Kilforsen machines were designed KMW 
have developed a self-lubricating type of turbine guide 
bearing, which needs no external pumps, and most 
of their turbines now under construction will have 
this new type of bearing. 

The stayring (Fig. 21) is of cast steel and was con- 
structed in four sections to facilitate transport. The 
spiral casings were delivered plate small and welded 


hall of Kilforsen station 
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Fig. 20. Runner of one of the KMW 112,730 h.p. 167 r.p.m. turbines 


for Kilforsen 





Fig. 21. Stayring of one of the Kilforsen KMW turbines on the boring 


mull 


on site. The upper part of each draught tube is of cast 
steel and is provided with an inspection door; the 
lower part is of steel plate bedded into the concrete. 

The lower guide ring and cover plate are of casi 
iron but are provided with steel wearing plates where 
they come in contact with the movable guide vanes 
These are of cast steel, and each has a rubber insert 
in the side where it is met by the edge of the neigh- 
bouring vane in the closed position, so that a practi- 
cally droptight seal is obtained. 

The guide-vane arms are connected to the regulating 
ring by the usual breaking links, but each link is fitted 
with an electrical contact which operates an alarm in 
the event of link breakage. This alarm does not shut 
down the turbine, but it prevents the brakes being 
applied against the water flow through the jammec 
gate. The regulating ring, of cast steel, is mounted on 
roller bearings, and in view of the heavy regulating 
forces required it is actuated by two servomotors 
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engaging integrally cast arms >n 
opposite sides of the ring. Th se 
servomotors are mounted on « iff 
fabricated beams resting at he 
front on the turbine cover plite 
and anchored at the back into the 
concrete wall. A view of one of 
the turbines at regulating-ring 
level is given in Fig. 22. Easy ad- 
justment of the limits of stroke of 
each servomotor is afforded by 
adjustable plates and shims in the 
coupling between the servomotor 
and its connecting rod—an ar- 
rangement which also simplities 
dismantling. Each guide vane can 
be adjusted by an eccentric pin 
on the guide-vane arm. An auio- 
matic guide-vane lock is incor- 
porated in the left-hand servo- 
motor. A drain pump returns 
leakage oil from the servomotors 
to the storage tank. 

Each turbine has its own 
governor-oil pumping set consist- 
ing of an air-cushioned storage 
cylinder, an ac. motor-driven 
pump and a standby d.c. motor- 
driven pump. In addition an Imo 
pump is gear driven from the tur- 
bine shaft. For normal regulation 
the turbine-driven pump suffices 
and the electrically-driven pump 
runs unloaded, but when a wide 
control movement is called for the 
electrically-driven pump aulo- 
matically cuts in. Interconnections 
are provided between the pump- 
ing sets of the three turbines for 
use in emergency. 

Governing is effected on the 
ASEA electro-hydraulic system 
described in our October, 1952, 
issue. In this system the usual 
mechanical pendulum is replaced 
by an electrical circuit in which 
the turbine speed, as registered by 
a permanent-magnet alternator on 
the generator shaft, is balanced 
against an inductance capacity circuit tuned to a fre- 
quency corresponding to the synchronous speed of the 
set. Any out-of-balance between the permanent- 
magnet-alternator and resonant-circuit frequencies ts 
amplified electronically and actuates an_ electro- 
hydraulic control unit in which the electrical out-of- 
balance is converted into a corresponding movement 
of a control valve, this movement being relayed up to 
the main servomotors in the usual way. Speed adjusi 
ment can be made very simply by altering the setting 
of the resonant circuit, and other circuits provide ad- 
justment for damping, speed droop and output. 

Each turbine is provided with an actuator cabinet 
which contains the electro-hydraulic control unit men- 
tioned above and also carries the usual controls and 
indicators for starting and stopping, speed, load limit- 
ing, gate locking and so forth. The electronic valves 
and other electrical apparatus forming the contr! 
circuits are housed in a separate cabinet placed again. 


WATER POWER July 19 





aren. 


i> 











uv 


iZER 





POWER July 


1955 


the wall near the actuator cabinet. 

On the control desk in the con- 
trol room each generator panel is 
provided with three graduated 
knobs for setting frequency, speed 
droop and output for the machine 
concerned; alternatively the con- 
trol can be transferred to three 
master knobs on the control-room 
writing desk, from which the en- 
tire station can be controlled as 
a unit. 

During our visits to this and 
other stations in Sweden using 
the ASEA_ electro - hydraulic 
governor we beard many favour- 
able comments as to the accuracy 
and flexibility of the system. 
These features are specially im- 
portant in controlling a network 
such as the Swedish 380 kV 
grid, because Kilforsen shares 


Fig. 22. One of the KMW  tur- 

bines at regulating-ring level. The 

second servomotor is hidden 
behind the turbine shaft 


Fig. 23. The rotor of one of the 95 

MVA 16 kV ASEA alternators 

in’ course of assembly in the 
machine hall 








Fig. 24. One of the thrust-bearing brackets in the ASEA works 


with Harspranget, Storfinnforsen and Hojum the func- 
tion of being either a base-load or a frequency-con- 
trol station as required. For base-load operation the 
station is set with normal speed droop and little or 
no damping, whereas for frequency control it is given 
heavy damping and zero speed droop. These adjust- 
ments can be effected from the control room in the 
minimum of time. A further facility is that when the 
station is set to carry a given base load, in the event 
of one machine tripping out, the others will automati- 
cally take up the balance of the load provided it is 
within their capacity. 


Alternators 

The alternators were constructed by ASEA and are 
physically almost identical with those already built 
by this firm for Harspranget*, although the rating is 
slightly different. They are rated at 95 MVA 16 kV, 
and in view of the capacitance of the 380 kV trunk 
line to which they are connected they operate at unity 
power factor. Each machine also incorporates a house- 
service alternator rated at 1,200 kVA 400 V, a 330 kW 
330 V main exciter, and a permanent-magnet alterna- 
tor for the governor. 

To facilitate transport the stator frames were built 
in six sections, and the rotors were built on site. The 
rotor spider is of cast iron and is split, the two halves 

eing bolted together on site. The laminated ring was 
built up round the spider, the laminations clamped 
together by through-bolts, and the completed ring se- 
cured to the spider by keys and shrunk into position. 
This was accomplished by winding a cable round the 
ring and feeding it with single-phase current so that 
the ring was heated by induction. Two keys were then 
driven between the end of each spider arm and the 
ring—a flat key to locate the ring radially and a square 
key to take the drive—the assembly becoming a rigid 
structure as the ring cooled. The rotor is designed for 
a runaway speed of 315 r.p.m. A view of one of the 
rotors during assembly is given in Fig. 23. 

The rotor of the house-service generator is mounted 


* See “Warer Power,’ January 1952, page 4 
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on the top of the spider of the 
main alternator. 

A combined thrust and gui 
bearing is located below the rotur 
and an upper guide bearing be- 
tween the rotor and the excit 
The umbrella-type construction 
is preferred because less crane 
height is required, the thrust-bear- 
ing bracket has a shorter span and 
is therefore lighter and cheaper, 
the stator frame is not called 
upon to support the thrust load, 
and any oil leakage from the 
thrust-bearing housing cannot 
affect the windings. The alleged 
inconvenience of maintenance is 
regarded as inappreciable, cs- 
pecially as the rotor can be lifted 
away and work carried out on rotor 
and thrust bearing simultaneously 

The thrust bearing is of the 
spring-supported pad type, and 
the associated guide bearing con- 
sists of pivoted pads bearing on 
the periphery of the thrust 
collar. Ducts cut in the thrust collar function as a 
centrifugal pump to circulate the oil across the bearing 
surfaces and to an external cooler. The upper guide 
bearing is also of the pivoted-pad type. 

The total load on the thrust bearing is 819 tons, con- 
sisting of generator 464 tons. turbine runner and shaft 
51 tons, and hydraulic thrust 304 tons. The thrust- 
bearing bracket rests on the concrete foundation and 
has eight arms. Four of these arms form part of the 
welded structure, but for reasons of transport the re- 
maining arms were bolted in position on site. This is 
evident from Fig. 24, which is a view of one of the 
brackets in the shops. 

Alternator cooling is on closed circuit, 12 coolers 
being provided for each machine. The overall effi- 
ciency of the alternator is upwards of 98-6 per cent. 


Voltage Regulation 

In the case of an important station feeding a large 
network, voltage control is as important as governing. 
and indeed is a closely related factor in the general 
scheme of control. At Kilforsen, voltage regulation is 
carried out on the ASEA transductor (magnetic am- 
plifier) system. The main exciter has a cumulative series 
field winding in addition to the usual shunt winding, the 
resistance being so adjusted that at all exciter voltages 
the exciter provides its own excitation. Regulation ts 
effected by the shunt winding which is controlled by 
a transductor-type voltage regulator through the inter- 
mediary of an auxiliary and a main impulse exciter. 
The auxiliary impulse exciter is a small generator 
driven by a d.c. motor supplied from the station bat- 
tery, and this controls the main impulse exciter which 
consists of two identical machines mounted on either 
side of a battery-fed d.c. motor. These machines are 
located in the machine hall along the opposite wall 
to that occupied by the governor cabinets. 

On each generator panel on the control desk in the 
control room are mounted a coarse and a fine adjust- 
ment knob for the automatic control; the coarse control 
has a range of 20 to 100 per cent. for line charging and 
the fine control + 10 per cent. for normal operation. 
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Fig. 25. Main electrical circuit diagram of 
Kilforsen station 
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For manual control the main 
exciter shunt field is supplied from 
the 220 V battery through a vari- 
able potentiometer operated from 
the control desk. To change over 
from manual to automatic control 
a balancing instrument is provided 
whereby the setting of the auto- 
matic control can be brought to 
the correct value before changing 
over; while automatic control is 
in force, the variable potentio- 
meter, although out of circuit, is 
automatically kept in step with 
the transductor control so that a 
changeover to manual control can 
be effected at any moment with- 
out preparatory action. 


Auxiliary Supplies 

As already mentioned, a 1,200 
kVA 400 V auxiliary generator is 
incorporated in each main alter- 
nator. These auxiliary machines 
are also provided with transductor 
voltage control. They are con- 
nected to a sectionalised busbar 
system where by each auxiliary gen- 
erator normally feeds the auxiliaries for its own unit, 
common supplies being fed from any one machine. 
but these busbar sections can be coupled together so 
that the load of a faulty generator can be taken over 
by its neighbour, and in fact, each generator is so 
rated that it is capable of maintaining the auxiliary 
load on the entire station. 

A standby auxiliary supply is also brought in from 
Nimforsen at 40 kV; this supply is first stepped down 
to 10 kV to link in with the supply line to Imnis dam, 
and is then brought down to 400 V through two 
1.000 kVA station transformers. 

For direct current two 220 V batteries are provided, 
one of 456 Ah capacity for motors and one of 108 Ah 
capacity for control circuits. There is also a 25 V 
battery for control-board circuits, protective and signal 
circuits and telephones. Two 50 kW motor-generator 
sets are provided for battery charging. 


Transformers and High-Voltage Equipment 

As will be seen from the main circuit diagram, Fig. 
25, the transformer arrangement is unusually interest- 
ing, and has been adopted to minimise short-circuit 
currents with the large powers and low reactances 
specified. Four single-phase units have been installed 

one being a spare—and each unit has three primary 
and three secondary coils, each primary being sup- 
plied by one phase of one alternator. Each alternator 
therefore energises one primary coil in each of the 
three single-phase transformer units. The standby unit 
is provided with isolators so arranged that it can be 
coupled into any phase to take over from any desired 
unit, but this must be done with the station off load 
because the only circuit breakers on the low-voltage 
side are on the generator circuits. This differs from 
the arrangement at Harspranget, where circuit breakers 
are provided to enable the spare unit to be taken into 
operation without service interruption. 

The three units in service are connected defta/star. 
with directly earthed neutral on the high-voltage side, 
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Fig. 26. The control room at Kilforsen 


to step up from 16 to 380 kV, the rated capacity of 
the bank being 3 115 MVA. All four units were 
built by ASEA. They are water cooled, and each unit 
weighs 189 tons in service condition. 

To improve stability and to assist in line charging 
when starting, three ASEA 40 MVA three-phase shunt 
reactors are provided, one connected to the bars of 
each generator. 

Each transformer unit and each reactor is housed 
in a separate fireproof chamber in the transformer 
hall which also contains the 16 kV switchgear and 
instrument transformers. The generator circuit breakers 
are of the ASEA air-blast type rated at 5,000 A and 
of 58 kA rupturing capacity. The reactor breakers are 
similar but are rated at 2,500 A and 23 kA rupturing 
capacity. It will be seen that the capacity of the re- 
actor breakers is much smaller than that of the genera- 
tor breakers, but they will never be called upon tc 
cope with heavy short circuits because the relay system 
is so arranged that such conditions will trip out the 
380 kV breakers as well as the generator breakers. All 
the 16 kV gear, including reactors, isolators and cir- 
cuit breakers, is insulated for 20 kV. 

From each transformer unit an oil-filled single-core 
380 kV cable extends upwards through the corres- 
ponding cable shaft, described in our previous article. 
toa bushingat ground level, whence bare conductorslead 
to the adjacent outdoor switchyard, where the supply 
is handled by a Sprecher & Schuh 1,000 A 7,500 MVA 
minimum-oil circuit breaker. The switchyard con- 
ductors are arranged to form main and auxiliary bus- 
bars, and ASEA isolators enable the station supply to 
be connected to either set of bars. Further, a Brown 
Boveri 1,000 A 7,500 MVA air-blast circuit breaker 
is interposed between the two busbars. 

The main function of Kilforsen station is to feed 
the 380 kV system extending from Harspranget to the 
south of Sweden, and two feeders leave the swiich- 
yard, one, 440 km. long, to Enk6ping, 35 km. north- 
west of Stockholm, and the other, 30 km. long. to 
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Fig. 27. Rotor being lowered on to shaft, Kilforsen 


link with Storfinnforsen station, which is also con- 
nected to the 380 kV system. Each can be connected 
by isolators to either set of busbars, and the Enképing 
feeder, in addition, is provided with a Brown Boveri 
circuit breaker identical to that between the bars. By 
this arrangement the Storfinnforsen feeder can be 
switched by using the inter-bar circuit breaker, so that 
all needful switching operations can be carried out by 
the use of only three high-voltage breakers. This 
economy will become more pronounced when all pro- 
jected connections have been completed, for space has 
been left for four more lines. Amongst these there 


Newfoundland Plant Extension.—Gilbert Gilkes & 
Gordon Ltd. have received an order from the Union 
Electric Light and Power Company, of Newfound- 
land, for a 2,000 h.p. Francis turbine (which is to 
supply power to the isolated Bona Vista peninsula of 
Newfoundland, to augment the existing plant which 
is considerably overloaded. This turbine is to be 
governed by the “ Giljet ” governing system. 


Steel Forms for Concrete Construction. A handsomely 
produced coloured catalogue (No. 109) illustrates and 
describes the application of Blaw Knox steel forms 
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will be a connection from the 
station now under construc- 
tion at Lasele, which will be 
connected to the 380 kV sys- 
tem through Kilforsen and 
will have its transformer cir- 
cuit breakers there. 

The main control room, 
depicted in Fig. 26, is located 
at one end of the machine 
hall, which can be seen 
through a glass partition. The 
modernistic pattern which 
can be seen on the far wall in 
Fig. 26 was painted to give 
the engineers something more 
inspiring to look at than a 
blank wall. Unfortunately a 
black and white photograph 
cannot convey any impres- 
sion of the colour scheme, 
which is a particularly attrac- 
tive combination of greens. 


Contractors 

The following is a list of 
the principal contractors en- 
gaged on the construction of 
the Kilforsen station: 

Civil engineering: Swedish 
State Power Board. 


Rock-drilling and tunnel- 
ling equipment: A. B. Atlas 
Diesel. 
Dam gate: Louis Eilers 
Fabrik fiir Eisenhoch und 
Briickenbau, Hanover, Ger- 
many. 
Sluice gates: Louis Eilers 
~ Fabrik. 





Turbines: A. B. Karlstads 
Mekaniska Werkstad. 

Alternators. voltage regulators, reactors, 16 kV 
switchgear, transformers, 380 kV isolators and current 
transformers: Allmiinna Svenska Elektriska A.B. 

Oil-filled 380 kV cables: Allmainna Svenska Elek- 
triska A.B. and Cables de Lyon. 

Transformer 380 kV circuit breaker: Sprecher & 
Schuh. 

Line 380 kV circuit breakers: Brown Boveri & Cie. 

Power-house cranes: A.B. Motala Verkstad. 

Protective gear: ASEA. 

Voltage transformers: A.B. Sieverts Kabelverk. 
(To be continued) 


to an astonishingly wide variety of constructional jobs. 
This firm has had a long experience in form design 
and offers a comprehensive service to engineers and 
contractors in the preparation of schemes. 

Vertical Isolation Horizontal Draw-Out Switchgear, 
Type VBA. Publication No. 41012 issued by the 
Brush Electrical Engineering Co. Ltd., of Lough- 
borough, England, describes their Class VBA switch- 
gear, which has been designed to meet the require- 
ments of public supply authorities and large industrial 
consumers for equipment operating at Il kV and 
6-6 kV, having a fault level up to 250 MVA. 
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Flow in Prismatic Channels 


EDOUARD SETRUK, an engineer on the staff of Compagnie 

des Techniques Hydrauliques et Agricoles (COTHA), presents 

a graphical method for.the solution of problems concerned with 

flow in channels. This article forms anextract from NEYRPIC 
Report 2843, written by the author. 





UMEROUS methods of calculation are available 

to determine the characteristics of flow in chan- 

nels. This article is concerned with one of the 
most widely used, because it is one of the most logical: 
a thorough exploitation of this type of calculation can 
lead to the rapid graphical solution of a number of 
more complex problems. 


The Charts 

The charts, of which those accompanying this article 
are a selection, have been drawn up for every type 
of prismatic channel usually encountered: trapezoidal 
with various side slopes, rectangular, circular, and so 
forth. Further, a simple calculation enables them to 
be used or redrawn for any prismatic channel section. 

Each chart, which is drawn to logarithmic co- 
ordinates, relates the width p of the channel bed, or 
any other characteristic dimension of the channel 
under consideration, to the ratio //p, where / is the 
depth of water in the channel. To simplify the follow- 
ing explanation we will consider more particularly a 
chart relating to a trapezoidal channel having a side 
slope of tan «. This chart will have as abscissa the 
bed width p and as ordinate the ratio //p between 
the head of water above the bed and the bed width. 
A line drawn parallel to the ordinate represents a 
particular channel at a series of depths of water: 
the properties of the logarithmic representation of /1/p 
will not be used here. A line drawn parallel to 
the abscissa represents all channel sections for which 
h/p is constant, Le., geometrically similar sections. 
Straight lines of this character possess remarkable 
properties conferred on them by the laws of similarity. 


Field of Equivalent Curves 

The chart as a whole thus represents a series of 
channels carrying a series of water depths. It is 
possible, therefore, to connect points representing 
sections for which certain hydraulic characteristics 
related to the depth of water and the width of the 
channel bed have the same numerical value. 


Discharge Potential 
The discharge potential K of a section can be de- 
fined by the formula: 
K=1/N R**A 
where I/N is Manning’s roughness coefficient, of the 
order of 10 to 100, R is the hydraulic radius, and 4 ; 
the area of tne wetted section. For a trapezoidal 
channel, for instance. K is given by 
So - (hip+h*/p> tan a) 
K = ~p 
N (1+2 h/p sin «) * 

If the sections are similar the ratio //p is constant, 
and K varies with p* *. This will also be the case for 
the product KN if the roughness is equal. 

For two similar sections the bed widths p, and p,, 
and the values KN, and KW, are such that 
KN, _ 8 loo 2: 

—_ ss 7 Ps 

The bed width p is plotted to a logarithmic scale 
to a base B,. Thus for similar sections the product 
KN can be read on a logarithmic scale to a base Br, 
such that Bxy = } B,. This relation ‘s independent of 
the ratio //p and of the type of prismatic channel. 

When one of these equivalent curves has been cal- 
culated and drawn, all the other curves can be derived 
by simple transposition along a line parallel to the 
abscissa. In practice, curves are drawn for values of 
KN in powers of 10, and interpolations are made by 
means of a logarithmic rule (Fig. 1)* graduated 
a base of three-eighths of that of the abscissa. 


log 


Critical Function 
The critical function M is defined by the relation: 


M = Fe in which b 


at the water surface. For a trapezoidal channel. for 
instance, M becomes: 


is the width of the channel 


u=2 (h/p+h°/p* tan a) 
(1 +2 h/ptan a) 
This can be conveniently made in the form of a transparent rule by 
preparing a photographic negative and making a positive print os 
transparent tlm 
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Fig. 2 


The field of critical functions possesses properties 
analogous to those of the function KN, the logarithmic 
scale having a base two-fifths of that of the abscissa. 

Other functions can be represented on these charts 
in the form of a field, and various simple problems 
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of hydraulics or of earthworks, which can readily be 
brought to mind, can be solved in this manner. We 
shall limit ourselves to presenting below a method of 
calculation for water profiles, with the direct help of 
the M and KN fields thus plotted. 
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Water Profiles for Steady Non-Uniform Flow 
The equation for steady non-uniform flow is 
mY) | -(K,/K)’ 


Al ~ > T~(M./M)? 
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where K, = and M, = 
: V Ss. Vv & 
Q being the discharge and g the acceleration due to 
gravity. 


The surface profile can be determined by calculating 
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Fig. 4 


the variation in depth AA at a point distant A/ from be derived from these charts by measuring off the 
a point where the hydraulic conditions are known. K.N M 
This follows classical methods of calculation in which values ——— and —— along a line parallel to the 
the terms of the formula are obtained either by direct KN M 
calculation or by means of tables. These terms can abscissa, to a suitable logarithmic scale. between the 
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point under consideration (KN and M) and the curves 


A.N and M. previously drawn in their respective 
fields 
It would be quicker to arrange the logarithmic 
cK 2 ch 42 
graduations so as to give and 
KN 
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directly, the base being half of that defined above 
In fact, the rule shown in Fig. | has been graduated 
directly according to the functions: 
p =1-(K.N/KN/Y 
and p, = | —-(M./M)’ 
Procedure. The values of K.N=Q/¥ S,andM.=Q/¥ g 
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are calculated and the corresponding curves are drawn. 
A single point suffices to determine the position of 
each line, which is derived by transposition of one of 
the lines aiready drawn, and this point is interpolated 
between two of these lines by means of the rule. By 
placing the rule parallel to the abscissa with the 
common origin of the graduations p and p,, on the 
point representing the known section (h/p and p) for 
which the functions KN and M are fully determined, 
the values of p and p, can be read off at the inter- 
section of the rule with the curves K,N and M.. 


Then Ah = S,A/ © is calculated, or better, 
) 


Pi 
Ah _ SAI p 
p p Pi 

A table will enable values of h/p to be collected 
without incurring cumulative errors. Preferably a 
complete power of 10 is chosen for the value of 
S,Al/p. 

The accuracy of calculation depends on that of 
reading off » and p,. It will be noted that this is low 
in the region of normal water depth, but seeing that 
each reading can be performed very quickly, A/ can 
be chosen small enough to reduce the systematic error. 
This systematic error can be largely compensated by 
reading off » and », at a point intermediate between 
the point known and the point required. The position 
of this point can, in fact, be approximately estimated 
from the trend of the points previously determined. 

A knowledge of the schematic form of the back- 


B.S. for Sprayed Metal Coatings. This specification 
(B.S.2569 : 1955) is in two parts, the first referring to 
the protection of iron and steel against atmospheric 
corrosion and the second to the protection of iron and 
steel by aluminium against corrosion at temperatures 
between 120°C. and 950°C. 

Part 1 covers the application of sprayed coatings 
of aluminium and zinc applied by various methods of 
spraying. It specifies the method of surface prepara- 
tion and application of the coating, and gives specifi- 
cations for the metals to be used in coating as well as 
requirements for the thickness and the adhesion of the 
coating. Appendices give the methods of test. Part 2 
is restricted to sprayed aluminium and provides three 
different methods for the three different processes 
whereby specific conditions of the finished coating are 
achieved. In all other respects, it contains the same 
type of information as given in Part 1. Copies of the 
standard may be obtained from the British Standards 
Institution, Sales Branch, 2. Park Street, London, 
W.1. Price 2s. each. 

B.S. for PVC Extrusion Compounds. The British 
Standards Institution has issued a new standard 
(B.S. 2571 : 1955) for Flexible Polyvinyl Chloride ex- 
trusion compounds. It is pointed out that, in some 
cases, the products, e.g., electric cables, for which 
these compounds may be used are covered by other 
British Standards, in which quality is controlled by 
tests made on the finished product. The use of com- 
pounds complying with the British Standard under 
review does not necessarily ensure compliance of a 
fabricated article with the British Standard appro- 
priate to such an article. B.S. 2571 specifies three 
classes of compound as follows: Class 1. Compounds 
with specified electrical properties and having a 
volume resistivity not less than 10'* ohm-cm. at 23°C. 
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water curve will prevent errors of sign. but in case of 
uncertainty it is sufficient to work algebraically in 
accordance with the convention adopted in construct- 
ing the rule. This is oriented in the direction of flow, 
and S, is positive for a channel in which the level of 
the bed falls in the direction of flow. 


Horizontal Channels 
When S,=0 the general equation reduces to 


I/K)° : 
< ak which can be written: 
Ah _ Al 1-(QN/KNY- 1 
p p | —-(M./M)° 


The curve of QN is drawn in the field of KN and 
the value given by the scale of » is read off between 
the point investigated and the curve of QN. By con- 
struction this value is equal to p = | - (QN/KN)’, se 
Al p-l 

Pp Ps 


h 
that becomes 
) 


Schematic Backwater Forms 

The normal and critical depths /, and h, are defined 
by the ordinates h,/p and h,/p of the intersections of 
the abscissa p appropriate to the channel under con- 
sideration with the curves K,N and M.. The depth /i 
also defines an ordinate h/p on this abscissa. The 
diverse forms of backwater curves correspond to the 
diverse relative positions of the points h,/p, h./p and 
h/p. 


Class 2. Compounds with specified electrical proper- 
ties and having a volume resistivity not less than 5 
10° ohm-em. at 23°C. Class 3. Compounds for which 
the electrical properties are not specified. Each of 
these classes is sub-divided into types so that in all 
12 types of compounds are provided for. 

The specification lays down requirements for com- 

position, form and appearance of the compounds, 
together with limits for the following properties: Ten- 
sile strength; elongation at break; volume resistivity 
at 23°C.; effect on polythene (increase in power fac- 
tor); softness; water absorption; cold bend tempera- 
ture; cold flex temperature before ageing; deforma- 
tion under heat; volume resistivity at 60°C.; electric 
strength at 23°C.; loss on heating; water soluble 
matter; heat stability; fastness to daylight exposure 
colour bleeding; degree of flammability. Methods of 
Test are given in the Appendices. Copies, 5s. each at 
address already given. 
Work on Fluid Measurement. Howard S. Bean, chief 
of the Capacity, Density and Fluid Meters Section 
of the National Bureau of Standards, was recently 
awarded the Worcester Reed Warner Medal of The 
American Society of Mechanical Engineers. The 
presentation was made by David W. R. Morgan, 
president of ASME, before an audience of engineers 
and scientists gathered to commemorate the founding 
of the society 80 years ago. 

The Worcester Reed Warner Medal is bestowed for 
outstanding contributions to permanent engineering 
literature and the citation accompanying Mr. Bean’s 
award read: “For his valuable contributions to the 
art and science of fluid metering and his unselfish 
work in preparing the many authoritative publications 
on this subject. particularly the widely-used reports 
of the ASME Fluid Meters Research Committee.” 
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Book Reviews 


Water Resources of British Columbia and Yukon 
Territory. Paper No. 114, published by the Depart- 
ment of Northern Affairs and National Resources, 
Canada, Engineering and Water Resources Branch. 
Water Resources Division. 

This report contains run-off data for theclimatic years 
1950-51 and 1951-52 for the Pacific drainage division 
which comprises a large part of the Province of British 
Columbia and part of Yukon Territory. The data pre- 
sented are the results of the hydrometric operations 
which were carried out in this region during the period 
October |, 1950 to September 30, 1952, in large part 
by the Water Resources Division, although operations 
were facilitated by active co-operation received from 
departments of the Government of British Columbia 
and from a number of private agencies. 

The report includes a short description of the or- 
ganisation and scope of operations, an explanation 
of the method of tabulation, and 414 pages of stream- 
flow and water-level data for a number of rivers, 
streams and lakes in the Pacific drainage division. 

Paper No. 114 is available at a price of $3.00 per 
copy, orders to be forwarded to the Chief, Water 
Resources Division, Department of Northern Affairs 
and National Resources, Ottawa 4, Ontario, the 
accompanying remittance to be in favour of the 
Receiver General of Canada. 


La Géologie des Barrages et des Aménagements 
Hydrauliques (Geology of Dams and Associated 
Works). By M. Gignoux and R. Barbier. Published by 
Mason et Cie Editeurs, 120 Boulevard Saint-Germain, 
Paris 6°. 1955. 344pp. 176 line drawings and 28 
photographic reproductions. 10} in. x 5} in. x } in. 
Price 2,800 fr., paper covers, and 3,500 fr., cloth 
boards. 

We welcome this book both because of its excel- 
lence and because of the emphasis it gives to the more 
or less purely geological aspects of dam construction. 
So far as we are aware it is unique in this respect and 
so makes a valuable addition to the bookshelf of both 
the hydro-electrical engineer and the geologist called 
in to assist him. The two authors, Messrs. R. Barbier 
and M. Gignoux, of the Académie des Sciences, are 
both professors at the Université and the Ecole 
Nationale Supérieure d’Hydraulic de Grenoble, 
and have based their work on the experience gained 
by teaching applied geology for 25 years, but above 
all, on the fruits of a long practical collaboration with 
the engineers and technologists engaged on dam con- 
struction and tunnelling work. Their treatment is thus 
kept on a very practical level and is aided by the in- 
clusion of a large number of actual examples, all of 
which illustrate some specific point. Much of the 
material is published for the first time and among 
the schemes considered are those in the projected 
stage, those completed and, perhaps the most im- 
portant of all, that small but underemphasised 
category of those which have been abandoned, were 
unsuccessful or were even disastrous. The 
examples of geological problems encountered in the 
construction of large dams, storage basins and diver- 
sion tunnels relate mainly to schemes in the south east 
of France and northern Africa (of which the authors 
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have had extensive practical experience), but are of 
a sufficiently general nature to afford useful in- 
struction to engineers and geologists working in 
most other parts of the world. 

The scope of the book includes topographical 
conditions, the nature and movement of superficial 
deposits and the geological problems involved in dam 
building. These include emplacement of the founda- 
tions in homogeneous and heterogeneous rocks. the 
technical properties of such rocks. losses and sealing 
of reservoirs and the materials used for constructional 
purposes. Other topics dealt with are diversion tunnels 
and the excavation of underground hydroelectric 
stations and their associated tunnels. There is a special 
chapter on ground exploration and cement injection 
which includes the sealing and shoring of fissured, 
stratified and mobile deposits, methods of drilling and 
the type of machinery used. 

The book is well produced and is furnished with 
an excellent index and bibliography. The numerous 
illustrations and diagrams are provided with a trans- 
lation of the captions so that English-speaking readers 
can obtaina surprisingly good idea of the subject matter 


The Handling of Materials, Published by the British 
Productivity Council, 21, Tothill Street, London, 
S.W.1, as No. 3 in its Action Pamphlets series. 24 pp. 
Price 9d. net. 

Handling charges in manufacturing industries may 
be expected to be in the region of one-sixth to one- 
third of the total wages bill, and it is estimated that 
accidents resulting from the handling of materials in 
British concerns cost thecountry £19 million per annum 
in lost time and compensation for injury. It is further 
estimated that the elimination of unnecessary handling 
enabling materials to flow uninterruptedly to and from 
workers, would raise productivity 15 per cent., with- 
out any change in the existing productive machinery. 

The pamphlet sets out the advantages to be gained 
from good handling practices and the principles which 
should be followed. Particular stress is laid on the 
desirability of studying any job and finding means of 
reducing handling to a minimum before considera- 
tion is given to ways in which it can be mechanised. 

The section on the method of applying the guiding 
principles will be of particular interest to the smaller 
firm. They describe in logical order the steps which 
management needs to take when it decides to start a 
serious study of its handling problems: both the tech- 
nical and human aspects of the matter are discussed. 
Brief details are also included of a selection of equip- 
ment, and an appendix contains notes of printed 
matter and films that may be useful for further in- 
formation. 


Dam Construction Plant. [In commemoration of the 
60th year of their activities, Messrs. Ceretti e Tanfani 
S.p.A., Milano, the parent establishment of the 
Ceretti & Tanfani Ropeway Co. Ltd., London, E.C.. 
have published a special issue of their technical bulle- 
tin which contains a full description of the building 
site installations, cableways, ropeways and other 
transport plant supplied by the firm for the construc- 
tion of various dams set up in Switzerland at un- 
commonly high altitudes, e.g., the gigantic structure 
at Grande Dixence. The many illustrations included 
in this publication are of the highest order, and an 
excellent translation of the original Italian text into 
English and French is appended. 
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General view of dam and Glen Fyne 


An Experiment in High-Speed Tunnelling 


Particulars are given of the method and equipment used in driving 
a tunnel for the North of Scotland Hydro-Electric Board. 


By H. J. ALEXANDER 


N_ interesting experiment undertaken by 
Marples, Ridgway & Partners Limited, civil en- 
gineering contractors, was concluded recently at 
the Allt-na-Lairige tunnel, in Argyll, which was driven 
by somewhat novel methods. This tunnel forms part 
of a scheme which, although not one of the major 
hydro-electric works now under way in Scotland, has 
some unusual features, including a pre-stressed dam 
the first of its kind in Western Europe. The tunnel 
will convey water 6,600 ft. through a hill to the pen- 
stock where it drops some 700 ft. to the turbines aad 
thence into Glen Fyne. 

Methods employed in driving this tunnel included 
unusually high air pressures for drilling and loading 
and the use of a special shuttle car, designed and built 
by the contractors to take the complete round. This 
car has a hydraulically-propelled slat floor which 
moves the rock slowly back as required to make room 
for new fill. The tunnel is 8 ft. high by 6 ft. 6 in. wide 
and is driven through granite. This small section, and 
the nature of the rock, made a pull of much more 
than 7 to 8 ft. per cycle unlikely but it was decided. 
despite these somewhat unfavourable conditions, to 
attempt a high rate of face advance, and results did, 
in fact, show a substantial improvement on previously 
recorded figures for this type of work. 

Attention was directed to the drilling and mucking 
components of the cycle which take a high propor- 7 
tion of the total time. To this end the air pressure was Fig. /. Driller operating one of the Holman “Silver 3s 
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Fig. 2. Allt-na-Lairige prestressed dam in course of construction; each group of tension bars exerts a thrust 


of 1,176 tons 
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Fig. 3. Shuttle car and loco at discharging point; the rock spoil was crushed and used for concrete aggregate 


substantially increased, the supply at the face being 
raised from a normal 80 Ib. per sq. in. or so to 115 Ib. 
per sq. in. The rock drill is already a highly-stressed 
piece of equipment but it was decided that the risk of 
premature breakages was worth taking. 

Holman “Silver 3” Airleg mounted Handrils were 
chosen for this work and three machines were em- 
ployed to drill the average 21-hole pattern (Fig. 1) 
with a further three standbys used in rotation. At the 
completion of the tunnel each machine had drilled 
approximately 30,000 ft. and spares consumption was 
found to be no more than usual. 

Tungsten carbide-tipped Holsteels, { in. hexagon 
section and fitted with 14 in. diameter bits, were em- 
ployed. To avoid loss of time on changing, 8 ft. steels 
only were used throughout. This severe combination 
of hard rock and heavy blow, combined with vibration 
of the long unsupported rod resulted in high fatigue 
stresses, tending to shorten the life of the steels, but 
a check near the end of the work indicated that the 
average life was then about 300 ft. which, in the cir- 
cumstances. was considered to be good. 

It was found that the 8 ft. holes could be consis- 
tently drilled in just over four minutes, and the overall 
drilling speeds (including time for moving from hole 
to hole), were 18 to 20 inches per minute throughout 
the work. Total drilling time was thus cut to under 35 
min. per cycle. Fig. 7 shows the regularity with which 
the cycle was maintained. 

Broken rock was loaded out with the “Eimco Mode} 
21 RockerShovel.” The tunnel size is about the mini- 
mum for this machine and the loading rate was high. 
particularly with the increased air pressure, but over- 
all speeds are dictated largely by the facilities for 
removing spoil from behind it. The width of tunnel 
here prevented any possibility of fast car-changing. 
It was felt that any of the usual methods of car chang- 
ing result in more loss of time than is generally recog- 
nised, and it was expected that the special shuttle car 
would ensure continuous loading out. The general 
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Fig. 4. Eimco “ Model 21” rocker shovel, with shuttle 
car attached, preparatory to mucking 





Fig. 5. Remote control gear for operating throttle 
clutch, forward and reverse gears, and loco brake 
brakes 


to 
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Fig. 6. View of loader as it approaches the muck pile 


arrangement of this car, which is now registered under 
provisional patents, is shown in Fig. 8 and in the 
various photographs reproduced. The main frame is 
70 ft. long and is carried on two 8-wheel bogies. The 
chassis is supported on stub-axles integral with the 
bogie frame. The floor of the body consists of a steel 
slat conveyor-belt on rollers, propelled by hydraulic 
rams. The loaded rock is thus moved steadily back 
as required to make room for the new fill. 

Some doubt was felt as to the amount of friction 
which might occur between the stationary side plates 
and the moving rock because the load moves as a 
rectangular mass about 3 ft. deep between the vertical 
side walls, which are 4 ft. 6 in. apart. In addition to 
the possible difficulty of coping with stress and wear 
trouble was anticipated because it was thought that 
rock at the sides would drag and move more slowly 








than the material in contact with the belt. 

A half-scale experiment which was carried 
however, indicated that these fears were groundle.s 
Only a moderate pull was required on the belt of the 
full-size car and the movement of the rock was cn- 
tirely satisfactory. 

The load was discharged through a space at tie 
bottom of the car at the rear—in this particular in- 
stance into tubs of 2 cu. yards capacity, as illustrated 
in Fig. 3. 

Satisfactory operation of the car was not achieved 
without various delays and modifications. All the work 
on the site was carried out at the tunnel portal on a 
crowded and exposed shelf, located on the steep hill- 
side. On one occasion the car, weighing about 12 tons 
was blown bodily sideways, during a gale, off some 
timber bauiks on which it had been placed. Condi- 
tions were thus far from ideal for experimental work 
of this kind and during the period of teething troubles. 
several thousand feet of tunnel were driven by nor- 
mal loading-out methods, using small cars and pass- 
byes. In spite of the difficulties of this system good 
performances were recorded. Cycle times as posted 
during that period in the lamp room for the informa- 
tion of the face crews are reproduced in Table I. Muck- 
ing times before and after the introduction of the 
special car make an interesting comparison. The best 
time of about 80 minutes were reduced to 40 minutes 
(as shown by Table I) for the same depth of pull. 

The behaviour of such a large car on the track in- 
side the tunnel was a possible source of trouble. No 
special care was taken in laying the 2 ft. gauge track 
of 30 Ib. rails, but running on the carefully-designed 
bogies proved to be very smooth at speeds up to about 
8 miles per hour, both laden and empty. Curves of a 
minimum radius of about 120 ft. can be negotiated 

Towing was by a modified version of the 38 h.p 
4.DS-U diesel underground locomotive, supplied by 
F. C. Hibberd & Co., Ltd., who also collaborated in 
designing the remote controls which could be operated 
from the loading end of the car some 70 ft. away. 





Fig. 7. Pressure recording charts for last two days of record-breaking week; each sharp pressure drop indicates 
blowing after firing a blast and the symmetry of the cycles is evident 
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Fig. 8. Side eleva- 
tion of loader, car 
and diesel loco- 
motive at face; 
drilling pattern on 
left. 





DRILLING PATTERN NORMALLY 
USED 


This system proved satisfactory and, indeed, was 
quite an achievement in itself. Hydraulic power for 
the conveyor belt was taken from an engine-driven 
pump incorporated in the locomotive. 

Still further time was saved by the high capacity oi 
the ventilation system. The supply was stepped-up to 
the exceptional figure, for such a relatively small face 
area, of 7,500 cu. ft. per minute operating at a pres- 
sure of 60 in. water gauge. 


TABLE I COMPARISON OF CYCLE TIMES 
Best Week with Record Week 


Operon Small Car with Large Car 
Min. Min. 
Clear smoke 15 12 
Prepare to muck iS 10 
Muck 80 42 
Prepare to drill 5 5 
Drill ol 34 35 
Charge and fire | 20 20 
Lay rails 5 8 
Totals ... 175 132 


Best advance in | 
| 321 ft. (5% davs) 


one week 444 ft. (7 days) 
Two Holmes lobe-type blowers of 35 and 85 h.p. 
were used. Both were run to clear gas after blasting 
and during the mucking period, so that re-entry to an 
entirely smoke-free place was possible within 10 
minutes after firing. Diesel fumes were also rapidly 
cleared by this system. Ventilation and compressed 
air pipes were chain-slung from the roof by eye bolts 
screwed into 4 in. dia. “Rawplugs” and the holes for 
these were drilled with a small Holman “Silver 8 
Handril” mounted directly on the piston rod end of 
one of their Airlegs forming a light Stoper Drill. 
Other features of the work followed normal prac- 
tice. Although shorter working hours might have im- 
proved times still further, the usual 12-hour shift 
system was employed. Face labour requirements were 
small, the crews being made up as follows: | shift 
boss, 3 drillers, 2 spanner men, | loader operator, | 
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loco driver and | handyman, making a total of 9. 

By the time the shuttle-car was in regular service, 
cycle times were so short that an attempt was made 
at an optimum figure for a working week. During the 
7-day period commencing 31st March, 67 cycles were 
completed. despite loss of more than a shift on rectify- 
ing minor faults on the car. In these seven days the 
tunnel was driven 444 ft. This substantial improve- 
ment on the figure of 428 ft. then standing is claimed 
as a record. Had the tunnel not then been almost 
finished, further improvement could have been reason- 
ably expected. The general results confirmed the con- 
tractors’ belief that there is plenty of room for improv- 
ing normal tunnelling methods, and certainly vali- 
dated the somewhat expensive experimental work on 
the large shuttle-car. The tunnel is now complete but 
plans are in hand for the further development and 
marketing of the car, as it is considered that much 
larger sizes could be made on the same principle. 

The writer is indebted to the North of Scotland 
Hydro-Electric Board, Messrs. Babtie Shaw & Mor- 
ton, consulting engineers to the Board for the Allt- 
na-Lairige project, and to the principal manufacturers 
of equipment—Holman Bros. Ltd., Eimco (Great 
Britain) Ltd., and F. C. Hibberd & Co., Ltd.—for 
their co-operation in preparing this article and per- 
mitting it to be published. 


ASTM Proceedings. The 1954 edition of the American 
Society for Testing Materials (ASTM) Proceedings 
has recently been published. The 1,400-page volume 
records the technical accomplishments of the Society 
for the year and includes many technical reports and 
papers together with discussion which have been 
accepted for publication. The Annual Address, by 
President L. C. Beard, Jun., entitled “Plain Talk,” 
deals with the breakdown in communications among 
scientists, engineers and management, and urges a 
return to simple language which will make scientific 
matters clear to those with only a relatively elemen- 
tary scientific background. 

Reports of the technical committees, of which there 
are 68, and their appendices provide a wealth of use- 
ful technical information as do the 37 technical papers 
and discussions on a wide variety of subjects pertain- 
ing to research and testing of materials. 

In addition to the papers and reports embodied in 
the Proceedings, there are listed in the table of con- 
tents all symposiums published separately as Special 
Technical Publications (STP’s) and all papers pub- 
lished in the ASTM Bulletin. 

It should be emphasised that in addition to reports 
and technical papers, many of which have been given 
at the Society’s Annual Meeting and some of which 
have been preprinted, the Proceedings contain much 
discussion that has not previously been published. 
Copies may be purchased from the American Society 
for Testing Materials, 1916, Race Street, Philadelphia 
3, Pa., at $12:00 per copy. 
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The Fifth International Congress 
on Large Dams 


The Fifth International Congress on Large Dams, which is 

a body associated with the World Power Conference, held its 

meeting in Paris from the 3lst May to the 4th June last. 

Before the Congress opened, the French Committee on Soil 
Mechanics held a three-day meeting. 


PART 


HE papers presented to the Conference totalled 

119 in all, and were divided into five sections 

Four of these sections were concerned with papers 
submitted in answer to a Questionnaire sent out to the 
35 member countries in a circular letter some time 
ago, and this asked for Papers on: 

Question No. 16. The design and construction of 
dams on permeable soils and methods of foundation 
treatment. 

Question No. 17. The economics and safety aspects 
of different types of concrete dams. 

Question No. 18. The settlement of dams due tc 
compressibility of the material used or of the founda. 
tion soil, including earthquake problems. 

Question No. 19. The relation of the cement content 
of the concrete to performance in regard to: 

a. gravity dams (interior and exterior) 
b. arch dams 
c. buttress dams 
and its influence on permeability and frost resistance 

Communications. Apari from the special reports 
relating to the headings set out above, there were a 
number of Papers of a more general nature. 


* * * 
Design and Construction of Dams on Permeable Soils 


and Methods of Foundation Treatment (Question 16) 
The Papers relating to this question came from the 


United States, Great Britain, France, Morocco 
Tunisia, Algeria, Yugoslavia, Germany, Sweden. 


Egypt, India and Australia. The delegates were thus 
presented with a range of experience covering almost 
every type of soil condition found in the hydro-electric 
world. 

The Paper by Mr. F. C. Walker. head of the Earth 
Dams Section of the Bureau of Reclamation, treated 
the question in a general fashion. He reached the con- 
clusion that dams located upon pervious foundations 
have been found to present a combination of geo- 
logical conditions, design practices and operating pro- 
cedures which made the adequacy of such structures 
generally open to question. The performance of a 
number of existing reservoirs demonstrated that the 
problem of analysing the data accumulated about 
them was not simple, but a beginning had been made 
and procedures developed that had been effective. 
Mr. Walker’s paper described some of these methods. 
He said that it was desirable to develop the seepage- 
reservoir elevation curve through a complete cycle of 
reservoir filling and emptying, to disclose the extent 
of response lag and eliminate transient effects. Since 
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the cyclic operation of most reservoirs was seasonal, 
there was usually also a variation in water tempera- 
ture that affected the viscosity of the water and, in 
turn, the seepage flow. An appreciable refinement 
could be introduced if correction were made for tem- 
perature by measuring it at the bottom of the reservoir 
and in the effluent along with seepage measurements. 
The author mentioned that in the seepage measure- 
ments made at Wickiup reservoir, the introduction of 
temperature correction eliminated most of the varia- 
tion in year-to-year records, and brought out the fact 
that leakage was gradually, but surely, being reduced. 

Further consideration, continued Mr. Walker, 
needed to be given to providing all reservoirs resting 
on pervious foundations with river-level outlets of 
sufficient size to control the levels under normal 
operating conditions. Greater attention also needed to 
be given to the development of sound maintenance 
practices and the dissemination of knowledge of the 
best procedures. 

The Paper by Mr. James G. Patrick, of the Corps 
of Engineers at Portland, Oregon, dealt with under- 
seepage control methods adopted by that body. It 
related to the particular arrangements made at two 
typical dams—the Chief Joseph Dam and the McNary 
Dam. It also described the design and the construction 
of cutoffs beneath a system of levees. 

At Chief Joseph Dam, where the differential head 
on the impervious blanket will be 173 ft., a 2,000 ft. 
upstream blanket, and a 1.000 ft. relief tunnel into 
the abutment are being employed, as it is stated that 
these methods will provide a substantial saving in 
cost as compared with a positive cutoff into the abut- 
ment. 

At the McNary Dam, the seepage through a per- 
vious abutment has been controlled by a 1,000 ft. up- 
stream blanket and a 2,000 ft. length of pipe drain 
downstream from the dam. The reservoir behind the 
dam has been filled and the dissipation of the 55 ft. 
differential head between the reservoir surface and the 
seepage collector pipe has been observed by piezo- 
meters in the abutment. The quantity of seepage flow- 
ing from the collector pipe is small as compared with 
the computed amount. 

Three Papers came from Great Britain. The first, 
by Dr. A. W. Skempton, D.Sc., A.M.L.C.E., and Mr. 
Alan W. Bishop, M.A., A.M.I.C.E., of the Imperial 
College, University of London, dealt with the gain in 
stability due to pore pressure dissipation in a soft clay 
foundation. 

Dr. Skempton and Mr. Bishop described a large 
storage reservoir belonging to the Waterworks Com- 
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pany of the West of England city of Bristol. The 
reservoir (Chew Stoke) has a capacity of 4,500 mil- 
lion gallons, and is formed by an earth dam 43 ft. in 
height across the valley of the River Chew. The 
danger of a foundation failure during the construc- 
tional period led to careful investigation being made 
of the possibilities of strengthening the lower part of 
the alluvium, which included a layer of about 5 ft. of 
soft, dark-grey clay. A detailed site investigation and 
testing programme indicated that the angle of shear- 
ing resistance was adequate, but that in order to en- 
sure a sufficient degree of dissipation of the pore pres- 
sure during construction of the dam. the natural 
drainage should be augmented by a series of vertical 
sand drains connecting with a drainage blanket placed 
under the sill on each side of the impervious central 
core. Measurements taken after the construction of 
the embankment have shown that this form of founda- 
tion treatment to be effective. 

The Paper by Messrs. G. A. R. Sheppard, M.A., 
M.LC.E., M.I.W.E., and A. L. Little, B.Sc. (Eng.), 
A.M.LC.E., A.M.1.Struct.E., of Messrs. Binnie, Dea- 
con and Gourley, dealt with the stabilising of an earth 
dam foundation by means of sand drains. It related 
mainly to one of the earliest applications of sand 
drains to relieve excess pore-water pressures in a silt 
layer discovered beneath the foundation of an earth 
dam about 110 ft. high. This was being constructed 
across the river Usk in South Wales, to augment the 
water supply to the town of Swansea. The total cost 
of installing the sand drains was given in the Paper 
as £3,360, and the cost of the investigation by the use 
of borings totalled £1,400, which the authors stated 
was found to compare favourably with the estimated 
cost of £25,000 for removing the silt. The silt bed was 
tapped by means of a single line of 8 in. diameter 
borings at 10 ft. centres, and these borings were con- 
nected to a sand layer feeding into a rubble drainage 
mattress. 

The treatment by grouting of permeable founda- 
tions of dams was dealt with in a Paper by Mr. C. F. 
Grundy, M.LC.E.. of The Cementation Co. Ltd. He 
described in general terms the procedure and methods 
used in the grouting of permeable foundations, mainly 
in Europe and the United States of America, with par- 
ticular reference to British methods. Detailed descrip- 
tions of the formulae employed by the author for 
determining the type of treatment necessary in parti- 
cular cases were given. and this part of the Paper 
forms a valuable reference guide for those who may 
possibly for the first time be concerned with this 
aspect of hydro-electric engineering. The author 
reached the conclusion that the greatest emphasis 
should be placed on the skill of the workman and the 
quality of the site supervision; “ Within certain speci- 
fied broad limits,” he said, “control and adjustment 
of grout dilution, rate of injection and the extent of 
an injection in individual holes, are matters of in- 
dividual consideration based on previous experience.” 

The French Papers, totalling six in number, gave 

as might be expected—some extremely interesting 
information about the recent large-scale hydro-electric 
developments in that country. Two of the Papers dealt 
with the very large project for constructing a dam on 
the river Durance at Serre-Poncon. 

The first Paper, by M. R. Maigre, dealt with the 
tests which were necessary before the design of a 
vertical screen in the alluvium could be undertaken 
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This screen is intended as an extension of the water- 
tight core in the dam, which will be 120 m. in height 
and will be made of compacted alluvium. It will be 
built on a layer 110 m. thick of very permeable gravel 
in which there circulates a nappe of aggressive thermal 
water. 

The second Paper on the Serre-Poncon project by 
Messrs. E. Ischy and M. Haffen described in detail 
the topographical features of the site, and the means 
adopted to measure with great accuracy the shape 
and extent of the different strata. The authors also 
described the method of sealing the contact surface 
between alluvium and rock. 

Two further Papers (the Design and Construction 
of the Cutoff Walls for the Coffer dams and the 
Echelles d’Annibal dam at Aigueblanche, by Messrs. 
X. Ract-Madoux, J. Basset, and H. Cambefort, and 
Special Cutoff Trenches in Permeable Soils, by M. H. 
Cambefort) both dealt with the testing methods and 
the means adopted on site for dealing with alluvial 
soils to secure watertightness. 

The Paper by M. Cambefort alone described in 
general terms grouting, sheet-metal piling, close-wall 
piling, and combinations of these methods, while the 
Paper by the three authors combined related specifi- 
cally to the tests made on the Isere-Arc project. In 
order to deal with a layer of alluvium found to be 
70 m. in depth beneath the intake, two distinct 
methods of testing were used. First, the electrical 
methods in which the horizontal permeability co- 
efficient was determined by successive measurements 
of the alluvium-voids index and the actual moving 
speed of the layer. the slope of which was known. 
These measurements were taken for different levels, 
and the anisotropy was then determined by means 
of a continuous injection of fluoresceine by compari- 
son with various traces of previously fixed move- 
ments. The second set of tests was made by pumping 
into a large-diameter boring. These results enabled 
the engineers to trace the seepage flow to ascertain, 
therefore, the amount of leakage for different depths 
of the cutoff trench, and consequently to determine 
these depths accurately in relation to the risk of 
leakage. 

The Paper by M. P. Delattre described an interest- 
ing method employed on the famous Genissiat dam 
to deal with a fossilised “aven” or natural chasm 
forming a vertical pit of enormous size, discovered in 
the rocky abutment wall of the right bank and extend- 
ing downward over the total depth of the dam. This 
“aven” was only partly excavated, and the empty 
portion was filled with concrete. The Paper also des- 
cribed the work of reinforcing other parts of the 
foundation rock. 

The final Paper from France was by Messrs. Riviére 
and Lescail, and described the methods adopted to 
control a Karstic circulation found during the con- 
struction of the Charmine-Moux reservoir project. 
Deep grouting, and surface treatment by shallow 
grouting, had to be employed, in combination with 
artificially created filters at the site of the seepages to 
hold back the grouted materials. 

In one of the Yugoslav Papers, by Messrs. B. Raj- 
cevic and M. Vercon, the authors stressed the desira- 
bility of providing supervision galleries in earth dams. 
They said that such galleries provided the possibility 
of inspection and control, enabled constant groutings 
to be carried out if required, and permitted attention 
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to be given to the sealing, as well as to ensuring a 
good contact between the clay core wall and the 
grouting curtain of the structure. They added that 
such galleries were almost universally employed in 
Yugoslav practice. 

A further Yugoslav Paper, also by Messrs. Rajcevic 
and Vercon, described some injection work carried 
out on the Vrla II Dam. In the course of their Paper 
the authors stated their firm conviction that it was 
possible to foresee all the necessary work that needed 
to be done for underground grouting in fairly precise 
terms and maintained that this was proved by their 
experience on the project concerned. 

The Paper by Dr. L. Suklje, of Yugoslavia, dealt 
with the influence which the thickness of the com- 
pressible layer had on the character and the speed 
of the consolidation of various types of soil. The 
results of a large number of tests. made by the authors 
over a considerable period, were given. They stated, 
however, that they are not yet in a position to give 
a firm conclusion on the basis of the results so far 
obtained. 

A further Yugoslav Paper, by Mr. Mikulec, pro- 
vided a detailed description of the studies required 
for the construction of the Jajce Dam on the Vrbas 
river which will provide a usable water storage of 
2-1 million cu. m. The height of the dam above the 
bottom of the foundation is 26 m.; it is a concrete 
gravity structure built between 1950 and 1954, and 
has a crest length of 18 m. The constructional features 
are fully described and illustrated in the Paper. 

Two Papers came from Egypt. The first, by Mr. A 
E. Ismail, M.Inst.C.E., gave a brief historical sketch 
of dam construction in Egypt, showing that a com- 
paratively wide experience had been gained in build- 
ing barrages across the river Nile. It then described 
in detail the methods adopted for the construction of 
floors under recent barrages and the means employed 
for remodelling some of the barrages built in earlier 
years. He said that the solid floor of any barrage must 
first be of adequate length to meet the requirements 
of the hydraulic gradient as computed according to 
the nature of the soil, in order to overcome any creep, 
and must be not less than ten times the head on the 
barrage as measured from the centre line of the 
operating gates to the tail of the floor, so as to ensure 
minimum scour. 

The Paper on the High Aswan Dam by Dr. M. A. 
Selim and Dr. Hassan Zaky described a vast project 
for the development and utilisation of the water re- 
sources of the river Nile to the best advantage. The 
project is an energetic approach towards the control 
of the river for irrigation, flood protection, naviga- 
tion and power, and is estimated to cost £180 million. 
The projected dam will be of the rockfill type, and 
will be equipped with seven diversion tunnels on the 
eastern side and power tunnels with an underground 
power station on the western bank. The proposed 
height is about 100 m., which would make it the 
highest rockfill dam in the world. The length will be 
5,000 m., of which 600 m. would be in the river 
channel. An extensive programme of sub-soil investi- 
gation has been carried out at the Sadd-el-Aali site 
and its results are set out in the Paper. 

The unusual foundation problems encountered during 
the construction of the Ben Metir Dam, in Tunisia, 
were described in a Paper by Messrs. H. Cambefort 
and J. P. Daxelhofer. They found that the sandstone- 
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clay mixture under the dam had a very variable crush- 
ing resistance and as a large part of the dam is con- 
structed in concrete, a very extensive drainage system 
of the sub-soil was needed. This drainage system could 
have resulted in an excessive increase in the seepage 
losses so that a larger protective watertight screen 
had to be constructed than would otherwise have 
been necessary had these drains not been required. 
The results of this additional work were seen to be 
satisfactory after the partial filling of the reservoir. 

Two Moroccan dams were described in the Papers 
by Messrs. J. Caille and A. Haegelen. M. Caille’s 
Paper described the El Kansera Dam on the Beth 
river, built between 1928 and 1933, and then indicated 
the results of over 20 years of tests and observations 
made on the watertight curtain, which was created 
by joining two impervious layers under the dam, and 
upstream along the two banks as far as the outcrop 
point of the upper impervious layer. The dam was 
one of the first to be built in limestone rock, and the 
injection methods employed were considered to be 
extremely original at the time of construction. This 
Paper showed that they were entirely successful. 

M. Haegelen’s Paper dealt with the Bin el Ouidane 
Dam, which presented a difficult problem in design 
due to the permeability of the ground enclosing and 
supporting the dam. The watertight curtain, owing 
to the cracked limestone found everywhere, could 
only be attached in depth to the layer of chocolate 
marl located under the thick limestone mass. The 
very carefully designed grouting mixtures employed 
are set out in detail in the Paper. 

Three Papers from Algeria dealt respectively with 
an experimental hydraulic study of a complex under- 
ground flow (M. D. M. Uguet); a study of percolations 
and uplifts in semi-pervious dam foundations, with 
notes on special methods of treatment of the founda- 
tion in the case of reservoirs subject to sedimentation 
(Messrs. H. Duquennois and J. Raud); and the water- 
proofing of the soil at the Foum-el-Gherza dam. (M. 
R. Aris). 

The mathematical analyses proposed by M. Uguet 
were applied to the Foum-el-Gherza project and the 
results are set out in both the Papers concerned. The 
Paper by Messrs. Duquennois and Raud described 
possible methods of restricting the unfavourable in- 
fluence of underground water circulations in the heart 
of dam abutments. 

Perhaps the most interesting feature of these three 
Papers was the latter half of the Duquennois and 
Raud contribution, in which they described water 
circulation methods for preventing sedimentation in 
reservoirs. With certain soils, means have been found 
of maintaining a permanent state of turbidity near 
the feeding zone, so that a high proportion of the 
sediment can be carried away from there. 

Of the two Papers from India, one by Dr. K. Rao 
dealt with the possibilities of failure of structures built 
on permeable foundations due to excessive hydraulic 
gradients at the exit; and he proposed a new method 
of calculating exit gradients by the application of re- 
laxation methods. A number of comparisons between 
this method of calculation and those proposed by 
other authorities were given in the Paper. 

The second Indian Paper, by Mr. R. C. Rao, dealt 
with the foundation problems encountered during the 
construction of the Tungabhadra and Hirakud dams 
and the methods employed for treating the founda- 
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tions in order to form a watertight cutoff beneath 
these structures. The very many methods and com- 
bination of methods used for treating the foundations 
are set out in the paper; they may be described in 
general as variations on the general theme of pre- 
liminary low-pressure grouting after thorough wash- 
ing and cleaning, followed by a deep-grouted cutoff 
with drainage arrangements, the drainage being on 
the downstream side ‘of the grout curtain. The authors 
stressed the care needed to keep the drains open so 
that they may function satisfactorily. 

Mr. J. G. Lewis, of Australia, described the use 
of a sloping core in earth and rockfill dams, and 
stated that this type of core offered the first real means 
of reducing the external profile of earth dams, which 
had as yet changed very litile despite the impact of 
modern science. The Paper discusses a theoretical 
goal towards which future efforts might very well be 
directed. 

The first of two Swedish Papers, by Messrs. T. 
Nilsson and B. Lofquist of the Swedish State Power 
Board, described an earth and rockfill dam built on 
stratified soil, using the wet-fill method. The dam des- 
cribed is at Borga, where the foundation consists of 
glacial moraine and sediments which have been ir- 
regularly mixed by Continental glaciers. The wet-fill 
method, described fully in the Paper, allows for the 
utilisation of materials having a high natural moisture 
content, and moreover it renders the construction 
practically independent of rain. It was stated that this 
method has been successfully employed in the con- 
struction of several earth dams in Sweden. 

Mr. S. Elfman, of the Swedish State Power Board, 
in a very short Paper, described the successful methods 
of stopping seepage in the gravel esker at the Nam- 
forsen dam, previously discussed in Report 19 of 
Question No. 10, at the Third Congress held in 
Stockholm in 1948. 

The single German contribution, by Dr. R. Daviden- 
koff, of Karlsruhe, described the composition of filters 
in an earth dam, and indicated the factors on which 
the design depends. The author stated that whereas 
the cohesive preperties of the soil were usually neg- 
lected in the calculations relating to filters, he felt 
that they should be taken very seriously into account, 
and the methods by which he proposed that this 
should be done are described in his paper. 


The Economics and Safety of Different Types of 
Concrete Dams (Question 17) 

The scope of Question No. 17 could not be better 
expressed than by quoting the first paragraph of the 
Paper by Senor J. G. Pinto Machado, of Portugal. 
He said: “ A dam is always one part of a whole pro- 
ject, and the ‘most advantageous form of design’ to 
give to the dam is the result of a compromise between 
the aspects of safety and economy (which are gener- 
ally opposed) relative to the whole of the project, 
which must at least include the dam itself and the 
flood discharge arrangements, and must also take 
into account the time required for the work to be 
carried out.” 

Senor Machado’s Paper dealt mainly with buttress 
dams, dams using counterforts or cavity dams, and 
sets out the types of site for which these various de- 
signs present the most economic solution. The safety 
factors which have to be taken into account are set 
out; the author dealt first with such factors as air- 
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raids and earthquakes, and concluded that the but- 
tress dam should at present be considered as vulner- 
able to aerial attack, but in regard to earthquakes, in 
view of its flexibility, this type was less vulnerable. 
Secondly, the author discussed the possibility of slid- 
ing as a consequence of normal stresses, uplift and 
weight, and stated that the buttress dam was no more 
liable to trouble from these causes than the gravity 
type. Indeed, the uplift was less and was more 
accurately known. He stated, moreover, that the ther- 
mal effects of the setting of concrete were of less im- 
portance in the buttress dam than in other types. 

The second Portuguese Paper, by Senors L. H. G. 
Fernandes and G. A. R. Sarmento, dealt with costs 
and constructional periods of three specific dams in 
Portugal—the Venda Nova, Salamonde and Canicada. 
Some extremely interesting figures were given con- 
cerning the total costs, the unit prices and the prices 
of some of the materials employed. 

The third Paper from Portugal, by Senor A. Car- 
valho Xerez, described three further dams, all on the 
Zerere river—the Castelo do Bode, the Cabril and the 
Bouca projects, and here again some useful cost 
figures were given. (It should be mentioned that the 
figures in the various tables in this Paper are given 
in French francs and not in Portuguese currency.) 

The single Swedish Paper in this section was con- 
tributed by Mr. K. J. Sundquist, and entitled “* Notes 
on the Economy and Safety of Different Types of 
Concrete Dams.” The author first surveyed in generai 
terms the considerations which entered into the cal- 
culation of safety margins. These related to risks of 
overloading; weaknesses of the foundations; the de- 
velopment of cracks; the statistical dispersion of the 
strength of the building materials; the possibility of 
minor mistakes during execution; the possibilities of 
inspection; the necessity of maintenance, and the re- 
newal of defective material. The author concluded 
that the safety factor of a gravity dam was, in fact, 
low compared with that applicable to other types. 

A Swiss contribution from M. Henri Juillard in- 
dicated that, in the author’s opinion, there existed no 
general rules for awarding to any type of dam a 
monopoly in regard to the greatest degree of safety 
or the highest mieasure of economy. The choice of a 
certain type of dam, he continued, would always de- 
pend mainly on local conditions. As in the Portuguese 
Paper first mentioned in this section, M. Juillard 
stressed the fact that the safety and economic aspects 
of a structure were, in general, opposed to each other. 

A parallel was drawn, in a brief paper by Dr.-Ing. 
Heinrich Press, of Berlin, between the different pro- 
jects for the Oker dam in the Harz mountains. The 
projects discussed were an earth embankment with a 
tightening core; a stone dam; a conventional gravity 
dam; an arch-gravity dam; a plain arch dam; a thin 
shell with armouring; and an arch dam carrying a 
gravity dam. In each case brief notes were given as to 
the cost and other factors relating to the design under 
consideration, and the reasons why an arch dam 
carrying a gravity dam was chosen for. this project 
discussed in detail. 

The Indian contribution to this part of the discus- 
sion took the form of a Paper by Messrs. M. S. T 
Iyengar and S. Raghavachari. It dealt with stone 
masonry dams in India and gave a history of the 
irrigation methods practised in that country, which 
go back over a thousand years. The properties re- 
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quired in a masonry dam are easy workability of 
construction materials; durability, including weather 
resistance and absence of chemical deterioration; 
resistance to erosion; watertightness: minimum 
volume change; strength to withstand the compres- 
sive stresses; and maximum weight. The authors 
stated that in India stone masonry had been found to 
satisfy these requirements pre-eminently. In addition 
it was definitely cheaper than concrete, and the stone 
rock could be used directly without processing. It is 
somewhat startling from the point of view of Western 
engineers, to find that stone masonry work has the 
“advantage” of providing scope for the ample employ- 
ment of manual labour; in many papers presented to 
this conference, exactly the reverse feature was claimed 
as a principal advantage. 

Light was thrown on the economic comparisons be- 
tween various types of structure in a Paper by Messrs 
A. De Montmarin and W. Ter-Minassian, of Tunisia, 
in which they described the composite dam erected 
on the Oued Mellegue. This dam is 70 m. high and 
comprises five wide-span non-reinforced arches, sup- 
ported by buttresses 50 m. from axis to axis. Pre- 
stressing was applied through cables, both for stabi- 
lising certain parts of the dam and for simplifying 
their construction. An interesting figure given in the 
Paper is that the price per ton of live weight applied 
through prestressing is equal to 30 per cent. of each 
ton of overload applied in the form of mass concrete. 

The general question of economics was again dis- 
cussed, from a different viewpoint. in a French Paper 
by Messrs. H. Hupner, J. Duffaut and J. Bellier, who 
made use of the very wide experience recently gained 
in France, where economics play a vital part in hydro- 
electric development, to discuss the reasons for the 
preferences exhibited by French engineers for one 
or other type of structure. 

They stated that during the past 40 years as many 
arch dams as gravity dams have been built in France, 
if structures more than 30 m. in height were con- 
sidered. If, however, the last ten years only was taken 
into account, there were 26 arch dams in relation to 
four of the gravity type. The French view was that 
arch dams were economical not only because they 
required very much less concrete, but because (in spite 
of the more complicated building process) the con- 
crete for an arch dam costs a very little more per 
cu. m. than that for a corresponding gravity dam. 

The authors also stated that present-day dams 
were approaching the safety limit, particularly be- 
cause of their liability to uplift; arch dams, on the 
other hand, afforded a wide margin of stability and 
could be improved by making them thinner. 

There were three Italian contributions to this sec- 
tion, the first being by Dr.-Ing. Nino a Biadene; he 
summarised the characteristic data relating to I1 
masonry dams erected in Italy in recent years includ- 
ing gravity, hollow, gravity-arch, and arch designs. 
The conclusion reached by the author was that the 
causes which may give rise to a higher unit price for 
concrete for dams with a more complex and refined 
form, do not lead to any large increase in the general 
cost of the work. 

The second Italian Paper, by Dr.-Ing. Carlo 
Samenza, related more particularly to the safety 
characteristics of various types of concrete dams. The 
author examined the reactions of the various types 
of structure (assuming the characteristics of the rock 
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to be the same in each case, and that the dams were 
properly built) in relation to four main causes of :n- 
crease in loadings. These causes were the increase of 
hydraulic pressure caused by exceptional events 
(earthquakes, etc.); other loads due to the same cx- 
ceptional events, but not resulting in an increase ot 
upstream hydraulic pressure; a decrease in the resist- 
ance of the foundation rock; and damage due to water 
spilling over the structure. The conclusion reached by 
the author was that, in general, the curved structures 
of the arch-gravity type and the single-arch type 
behaved better and therefore offered a better resist- 
ance to the loads due to exceptional events as com- 
pared with other types of dam. 

Signor Guido Oberti, in the third Italian Paper, 
dealt with the often-debated question of model tests. 
He stated that during preliminary studies on topo- 
graphic and geological conditions, the experience of 
the engineers concerned allowed them to establish a 
preliminary economic balance sheet, in regard to the 
type of structure proposed, but confirmation of the 
conclusions reached could only be obtained by the 
aid of model tests, which, the author stated, had in 
many cases proved the deciding factor in regard to the 
choice of structure. The author also established a 
definition of the global safety coefficient of a dam. 
He said that in practice the site engineer considered 
the actual coefficient of safety to be given by the ratio 
between the maximum value of the loads which his 
structure was able to withstand before rupiure, and 
the loads which it must withstand according to the 
data provided for him in regard to the project itself. 

A Japanese contribution, presented on behalf ot 
the River Bureau of the Japanese Ministry of Con- 
struction, gave some useful figures concerning a large 
number of dams built in Japan over the last few de- 
cades. The Paper was mainly concerned with the 
possibility of increasing the flow through a particular 
reservoir project by means of “ surcharging.” 

The American contributions took the form of two 
Papers, both being an exposition of the methods 
adopted for safety and economy in American dam 
practice. One by Mr. J. J. Hammond, of the Design 
Division of the Bureau of Reclamation, set out the 
experience gained by that organisation over many 
years in this field; and gave details of the basic criteria 
in regard to safety and economy of design which the 
Bureau has adopted. The second Paper, from the 
Corps of Engineers, delivered by Mr. Ralph L. Bloor, 
expressed the same views and gave the results of ex- 
perience gained during the construction of 50 concrete 
gravity dams during the last 20 years. 

(To be continued) 


Hemborn Dust Extractor. The Consolidated Pneu- 
matic Tool Co. Ltd., London, have entered into an 
agreement to take over virtually world-wide repre- 
sentation for the Hemborn range of dustless dry drill- 
ing equipment. Certain Continental territories are, for 
the time being, excluded from the new arrangement, 
but immediate selling plans are being made in respect 
of the United Kingdom, British Dominions and many 
other overseas areas. The Hemborn equipment is now 
being adopted for all classes of percussive drilling, 
and forms part of the CP rarge of roof bolting equip- 
ment. The Hemborn can be used with any type of 
drill, percussive, rotary or vibro-percussive, and a 
special type is available for deep hole drilling. 
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NCK 2o¢ Excavator 


The latest addition to the range of machines 
produced by the Excavator Division of Newton 
Chambers and Co. Ltd. was recently demonstrated 
at their Thorncliffe Works near Sheffield. This 
is the $ cu. yard 205 model, and with its introduction 
the NCK range now comprises machines from } to 14 
cu. yard capacity, the other types being the 304 (3 cu. 
yard) and the 605 (14 cu. yard). All of these are pro- 
duced under licence from the Koehring Company of 
Milwaukee, U.S.A., the trade mark NCK (Newton 
Chambers Koehring) symbolising the association be- 
tween the two companies. 

The 205 is powered either by a diesel engine or 
electric motor. In the latter instance, both d.c. com- 
pound wound and a.c. squirrel-cage induction motors 
can be furnished. When diesel power units are re- 
quired, one of three engines is normally fitted, these 
being the Gardner 4LW, the Dorman 4LA and the 
Pelapone model 54. A general rating for these is given 
as approximately 52 b.h.p. at 1,500 revs. per min. and 
electric starting is a standard provision. 

The design of the crawler unit is similar to that 





for the standard crawler unit having 20 in. shoes. 

The standard travelling speed of the 205 is 1-85 
m.p.h., but, with an optimal independent traction- 
case, two speeds may be obtained—high, 1:85 m.p.h. 
and low, 0-93 m.p.h. The traction brakes, one for 
each crawler, are engaged automatically at all times 
except when power for the travelling motion is 
applied. This enables the machine to operate with 
safety on grades and prevents any tendency for it 
to move towards the dragline bucket or away from 
the shovel dipper. These brakes are of the internal 
expanding type and are fitted with reversible bands. 

Power applied to either track crawler permits the 
machine to turn in its own length and the steering 
is controlled by means of a single jaw clutch lever. 
The crawler frames, consisting of crossbeams bolted 
to side members, and the axles are independent, thus 
giving a degree of flexibility in the crawler assembly. 
The machined roller path is of cast alloy steel and the 
ring gear is 524 in. diameter. 

The machine is available with face shovel, drag- 












































used on the 304 and 605 models and incorporates mr i 
self-cleaning tumblers, smooth-faced shoes, and rust- 
proofed adjusters. The inverted U-shaped side mem- x 
bers are stated to overcome the problem of dirt collect- —- \ : 
ing on the upper edges and the consequent risk of Fd \ 
fouling the tracks. Two crawler units are available, “4 \ 
the standard and the long, their overall lengths being itn: Se i yt 
9 ft. 8 in. and 11 ft. 2 in. respec- , gen oa 4 
tively. Heat-treated cast - steel \ Q 
shoes with a pitch of 9 in. are —— Ry 
fitted, these being available in : ' fo 
widths of 16 and 20 in. for the ' < = 
standard crawler, in which 56 are , a / ty 
needed, or in 16, 20 and 24 in. ® 1 of I he! 
widths for the long track, which | Zz i as 
requires 64. The shoes have tf j on 
radiused outer edges to minimise t 4 J ‘| 
gouging on turns. The overall ' oa it 
width of crawlers supplied with ° 
the two narrower shoes is quoted -— 
as 8 ft. and 8 ft. 4 in. respec- = -------710"----- ; 
tively. A figure of 3,940 sq. in. is 
given for the flat bearing surface 
TABLE I Specification for the NCK 205 Face Shovel 
Pitch or Angle of Boom 
Reference 
to Ko 40° 45° 50° > > 60° 65° 
Drawing ee Bee, pm ee 
ft. in.]| ft. in.| ft. in. | ft. in.| ft. im.| ft. in] ft. in. 
A Dumping height—maximum....... | 11 9 | 3 O|] MM 5 3s 716 Si Wirw s&s 
B Cutting height—maximum wi eee aa So 210 812 113 4128 CGI & 
Cc Dumping radius—max. height... ...| 21. 1 | 20 3/19 3, 18 2) 16 10) 15 6 14 1 
D Level floor—max. radius... ...... | 15 11 Ss Git Fit £186 Rie Fim 7 
3 Level floor min. rad.—std. crawlers ... 5 10 6 3 6 68 t 2 7 4 7 6 7 8 
Level floor min. rad.—long crawlers ... 6 8 . s , 2 7 10 8 O 8 1 8 3 
F Digging height (at K) ... nat ae 9 4 9 10; 10 4 10 10] 11 4] 11 8] 12 O 
G Dumping radius—max. reach ... ~~ ft ae SS a i ie 1 H% Fim Sim 2 19 10 
J Dumping height—makx. reach. ..._... : ae 2 & 7 7 3 7 6 7 11 . os 
K Digging radius—max. reach ... we) 26°81 Bw Sia i 2 Ste Mizu @¢ia Ss 
I Boom clearance radius ... ... ... | 17. 1 SS sin «4 ”@4¢4168 21 OT 8 
M Boom clearance height ... ..._... | 14 Il 6 O17 O18 O18 WD) BR Tie 3 
N Cut below floor level ...  ...... 6 0 7, 4 ll 4 6 4 0 . © 3 4 
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shovel, dragline, skimmer, crane 
and grab crane attachments and 
at the demonstration visitors were 
able to see it in operation with 
the first three of these attach- 
ments; conversions may be car- 
ried out readily in the field. 

The face-shovel version, illus- 
trated opposite, has a 16 ft. long 
electrically-welded rolled _ steel 
boom with a 12 ft. 2 in. box-sec- 
tion single dipper stick with a 
heavy-duty bucket fitted with a 
manganese-steel front. Crowding 
speed is quoted at 85 ft. per min. 
and retract at 133 ft. per min.; 
224 in. dia. boom sheaves are 
fitted to minimise rope wear. On 
the previous page is shown a dia- 
gram of the face shovel and Table 
I lists the various measurements 
relating to differing boom angles. 
The weight of this machine, com- 
plete with boom and dipper, is 
stated to be 27,750 Ib. 

With the dragshovel attachment, 
trenches can be dug to a depth of 
17 ft. 9 in. and the spoil discharged 
at a height of 10 ft. The 4 cu. 
yard dipper is 32 in. wide over 
side cutters. The dragline, crane and grab-crane 
attachments employ a lattice boom which is con- 
structed of four chord angles with welded diagonal 





lacing; this form of construction enables lengths of 
from 30 to 50 ft. to be built up by adding 5 ft. and 
10 ft. extensions. 


New Developments in Flaw Detectors 


The use of Kelvin Hughes ultra-sonic flaw detectors 
is now long established in many industries which re- 
quire non-destructive methods of testing parts of their 
equipment, and a good deal of interest attaches to 
two new developments which have recently been in- 
troduced. They are the Depth Gauge and the Com- 
pensated Automatic Scanning and Recording Device. 
[hese detectors will show up clearly tiny cracks buried 
below the surface of the metal, cracks which have 
been passed through an X-ray examination undetected 
and often cracks which are too small to be seen by all 
but the most powerful microscope. 

The principle of operation of the Kelvin Hughes 
flaw detector is that it sends out an ultra-high-fre- 
quency pulse (at from roughly 0-5 mc/s to 5-0 mc/s) 
from a quartz crystal probe at a frequency best suited 
to the material being tested. The pulse from the trans- 
mitting probe travels through the test-piece to the 
opposite side and returns to the receiving probe. 

When the pulse leaves the transmitting probe a 
small peak is traced on the cathode ray indicator. Its 
return from the opposite face is also traced on the in- 
dicator so that the distance between the two traces on 
the C.R.T. time base is directly proportional to the 
thickness of the test piece. Any flaw between the face 
on which the probes rest and the opposite face causes 
some of the transmitted energy to be returned to the 
receiving probe and this is traced on the C.R. tube. 
The size of this trace is normally an indication of the 
size of the flaw. 


272 


Certain investigations with the Flaw Detector re- 
quire a permanent record. For example when examin- 
ing long welded seams the exact position of any flaw 
in the seam will want to be known. The Automatic 
Scanning and Recording equipment is, very generally, 
a linking of the Flaw Detector with an automatic pen 
recorder. Produced originally in collaboration with a 
leading boiler manufacturer, it was designed at first 
for the examination of long welds in large welded 
pressure vessels as an alternative or to supplement 
X-ray examination. Its field of application is now, 
however, very much wider. 

A gantry moves the probes along the investigation 
route at a fixed speed and the automatic pen recorder 
traces the signals from the receiving probe. If a flaw 
is detected the amplitude of the recording pen stroke 
is in direct proportion to the size of the fiaw and its 
position can be found easily from the recorder paper. 
This method of recording will show considerable 
savings in both time and materials when compared 
with, for example, X-ray photography. The following 
facilities are provided by the apparatus: 

(1) Positive, automatic scanning of sheet, billet. 
plate and other specimens of simple cross section. 
(2) High-speed scanning with certainty of detection of 
flaws. (3) Instantaneous and permanent recording on 
paper of flaws. (4) Simplicity of correlation of the 
traces on the recording paper with specific plan posi- 
tions on the specimen. (5) Automatic compensation 
for variations in acoustic contact between probe and 
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the specimen and other variables affecting sensitivity. 
(6) A flaw detection warning system whereby a visual 
or audible signal is given when flaw echoes above a 
predetermined magnitude are detected. (7) A circuit 
failure alarm system whereby a visual or audible 
signal is given when a degree of acoustic contact or 
circuit efficiency falls below a predetermined standard. 
This signal may be supplemented by an automatic 
“cut-out” arrangement. 

The apparatus, as demonstrated, uses a modified 
Combined Vertical Probe, housing the transmitter and 
receiver elements in a single head. Surface friction is 
minimised by mounting the probe on special skids, 
thus protecting it from damage and permitting high- 
speed scanning. A constant distance between the sur- 
face of the sample and the probe is maintained as far 
as possible, and complete acoustic contact is achieved 
by feeding a continuous flow of water into the gap. 
This water irrigation is fed from a self-primed circuit. 

It is claimed that the new Kelvin Hughes Depth 
Gauge, which is a small addition to the Standard Flaw 
Deflector, has done away with the need for destructive 
testing. With it, the thickness of a pipe or plate can 
be detected at any point and without a costly shut- 


down. The reference unit of the new gauge consists 
of a column filled with liquid in which are immersed 
two quartz crystals, one transmitting and one receiv- 
ing. The time for a pulse of ultra-sonic energy to 
travel from one crystal to the other in the liquid is 
known and the distance between the crystals can be 
altered to increase or decrease this travel time. The 
point of transmission and reception gives a trace on 
the C.R. tube and provides an accurate time base. 

When the thickness of a metal is measured, the 
distance between the face on which the probes rest 
and the opposite face to the probes is directly pro- 
portional to the “peak” traces on the C.R. tube, the 
distance between the transmission and_ reception 
traces being equal to the thickness of the metal. If 
therefore the traces from the reference unit are ad- 
justed until they can be superimposed on the trace 
set up by the metal being measured, the thickness of 
the metal can be read instantly. This form of depth 
gauge with a reference unit has two major advan- 
tages. First, it makes the depth measurement in- 
dependent of current supply variation and other vari- 
ables, and second, should faults develop in the equip- 
ment they will be shown up at once. 


New First-Aid Treatment for Electric Shock 


Modern equipment and strictly enforced safety 
precautions have made severe electric shock a rela- 
tively uncommon factory emergency nowadays, but 
accidents can and do happen. In 1952, for example, 
721 electrical accidents were reported under the Fac- 
tories Act (1937), and of these accidents no fewer than 
38 proved fatal. When an accident occurs, the nature 
of the first-aid treatment available and the promptness 
with which it is given can easily determine whether 
a life is lost or saved and to this end a new emergency 
drill has been instituted by the General Electric Co. 
Ltd. at their Witton Works. 

Under the supervision of the Works Medical 
Officer, Dr. C. R. Lowe (who is also Lecturer in 
Public Health at the University of Birmingham), the 
Main Safety Committee at the Witton Works is train- 
ing all employees whose work carries an electrical 
hazard, in the new drill. The course of instruction 
takes place during working hours and is given to 
twenty employees at a time. For each group the train- 
ing begins with a one-hour period during which the 
Medical Officer explains the theory of the first-aid 
treatment of electric shock; and members of the 
Works’ St. John Ambulance Brigade Divisions give a 
demonstration of the emergency drill to be used. This 
is followed in a week’s time by a second period of one 
hour during which the group practises and perfects 
the drill previously demonstrated. 

In addition to arresting the breathing, a severe elec- 
tric shock can interfere with the action of the heart 
and circulatory failure then sets in. The Schafer 
method of artificial respiration and, in particular, the 
Holger Nielsen modification of this method, are in- 
valuable measures for restoring normal breathing in 
an emergency such as asphyxia from drowning. Un- 
fortunately, however, such resuscitation methods give 
little help to a failing circulation. For this complica- 
tion a rocking stretcher has proved to provide the 
most effective answer; Fig. | shows the Medical Offi- 
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cer, who is at the foot of the stretcher, demonstrating 
this method. The patient is tied to the specially con- 
structed stretcher and rocked through 45° above and 
below the horizontal at a rate rather slower than the 
normal rate of breathing. In the head-down position 
the weight of the bowels and liver on the diaphragm 
expels the air from the chest, and in the feet-down 
position the same piston-like action sucks fresh air 
into the chest. At the same time the heart is massaged 
and the rocking movement helps to keep the blood 
moving round the body. 

When an electric shock arrests normal breathing, 
the patient’s chances of recovery are appreciably 
lessened if the beginning of artificial respiration 1s 
delayed for even a few seconds. Since it may take 


several minutes to fetch a rocking stretcher, transfer 
the patient to it and set it in motion, it is very impor- 
tant to bridge this gap with one of the older methods 
of artificial respiration. Fig. 2 shows the patient under 
treatment by the Schafer method while the rocking 
stretcher is being prepared for action. 

Twenty-four rocking stretchers have been distri- 
buted about the Witton Works in such a way that the 
apparatus will be within easy reach of every possible 
danger point. Each of the twenty-four test points at 
the Works is already connected directly to the Medical 
Centre by a single-purpose emergency ‘phone, and a 
call on one of these ‘phones will bring an emergency 
team from the Centre to the scene of the accident 
within a matter of minutes. 


New 50 h.p. Diesel Crawler 


A new version of the BTD-6 diesel crawler tractor 
is now in production at the Doncaster Works of Inter- 
national Harvester. It is 25 per cent. more powerful 
than the earlier BTD-6, and is designed to do all the 
jobs that heavy industrial applications can impose. 

Superficially the machine differs very little from its 
forerunner, the BTD-6, and in fact incorporates 
many of that machine’s well-proven features, the 
emphasis having been placed on extra power and re- 
liability rather than on restyling. Although weighing 
1,600 Ib. more than the earlier models, it still retains 
the compactness and manoeuvrability of the original. 
To have incorported a 50 h.p. engine into the first 
crawler tractor shipped from Doncaster Works would 
have been a small problem in itself; the problem lay 
in redesigning the rest of the tractor to utilise the extra 
25 per cent. power which this new engine would 
develop. In the new model, therefore, every unit from 
the engine backwards had to undergo modification. 
Only the fuel tank and other superficial sheet-metal 
parts, the controls and a few other items have re- 
mained unaffected. The result is a tractor weighing 
21 per cent. more than the original model with every 
ounce of additional weight applying more horse power 
to the ground. The new BTD-6, however, poses no 
problems of matching equipment. On the contrary, 
the line of matched tools which the company has 
developed over the past eighteen months was planned 
with the new 50 h.p. tractor in mind. This power is 
developed with the engine running at a speed of 1,450 
revs. per min. and the over-centre engine clutch has 
33-1/3 per cent. more torque capacity than the type 
used formerly. The transmission gearing follows the 
same basic layout as before, but most of the gears are 
new. Bearings of tapered roller type have been intro- 
duced and a new bevel gear and pinion of spiral bevel 
design are now used. These will not only handle the 
increased loads but allow a smoother transfer of 
power. The spiral bevel mounting is a completely new 
design, of simplified construction. Also of new con- 
struction are the final drive assemblies. 

The track units, which are of increased section, 
are almost entirely new. Development of these 
changes went ahead of most of the other work and 
many of the improvements were released on current 
productions, and so have already been field tested and 
proven. The track rollers and track idler wheels 
feature an improved lubricating and sealing system 
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which is intended to reduce wear and promote less 
frequent servicing. The track frame itself has likewise 
been strengthened. The regular track equipment con- 
sists of a four-roller frame with equaliser spring 
mounting to provide oscillation. A similar frame em- 
ploying five rollers will shortly be available. This is 
in line with the latest American practice of providing 
an extended frame for some earthmoving applica- 
tions, allowing a longer ground contact which suits 
a wide variety of operating conditions. 

A five-roller extended frame of rigid non-oscillating 
type will also be available for special shovel applica- 
tions. Initially it will be used in conjunction with 
Drott Skid Shovels (currently imported from America) 
and other uses are contemplated. 

A two-speed reverse gear is available if ordered: 
this cuts out the regular third speed and substitutes a 
higher reverse speed of 3-5 m.p.h. (in addition to the 
standard 1-7 m.p.h.). While this is not normally neces- 
sary, it has substantial cost-cutting advantages in cer- 
tain types of work, particularly with a blade, when the 
tractor regularly reverses as much as it travels for- 
ward. An increased range of alternative track shoe 
sizes is also available. Low profile grousers 12 in. 
wide are introduced for shovel or loader work and 
regular clipped corner shoes in 2 in. steps from 12 to 
20 in. can be obtained. 

In combination, all these features add up to a 
sturdy, multi-purpose machine which gives every pro- 
mise of being a worthy successor to the well-estab- 
lished original BTD-6. The company are confident that 
its introduction to the export market particularly will 
lead to a further increase in exports which, in 1954, 
approximated £5,000,000. 


Dynamic Balancing Machine 


A dynamic balancing machine which provides a 
ready means for accurately detecting static and dyna- 
mic unbalance in a wide range of runners, rotors. 
flywheels and other roiating apparatus, has been 
developed by the Pelton Water Wheel Company, of 
San Francisco, a subsidiary of the Baldwin-Lima- 
Hamilton Corporation. The balancer is a compact 
self-contained unit which especially lends itself to 
balancing large and heavy hydraulic turbine rotating 
elements, or pieces up to a maximum weight of 
250,000 Ib. It can be mounted on the shop floor or on 
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the table of a large vertical mill. In the latter case, 
handling expenses are eliminated in that the piece can 
be checked for dynamic balance and machined while 
on the mill table. 

The balancer is available in three sizes with maxi- 
mum capacities of 10,000 100,000 and 250,000 Ib. It 
consists essentially of a heavy support frame which 
carries a turntable whose rotation can be varied be- 
tween 10 and 20 revs. per min. The turntable is carried 
on a weighing shaft supported by heavy anti-friction 
bearings. The weighing shaft is positioned on the 
lower end by four roller assemblies, two of which are 
fixed and two pre-loaded by compression springs. Un- 
balanced forces are transmitted by the weighing shaft 
through the roller assemblies to Jeaf springs and 
thence to the strain gauge of the electronic amplifier 


The turntable is held in a horizontal plane until 
static or dynamic forces tend to move it to another 
plane. It is restrained by the leaf springs. A high- 
sensitivity amplifying device and strain gauges indi- 
cate the loading of the leaf springs. A direct measure 
of the dynamic out-of-balance is obtained by the mag- 
nitude of the indication properly correlated to rotating 
speed. 

The Pelton Company also offers the services of an 
engineer to instruct the purchaser’s personnel in the 
proper use of the balancing machine. In the United 
States this service is offered for a maximum of three 
days without cost. Further information about the 
dynamic balancer is available by writing the Pelton 
Water Wheel Company, 2929 Nineteenth Street, San 
Francisco, California, U.S.A. 


Drott Skid Shovel 


International Harvester have announced their inten- 
tion to manufacture the Drott skid shovel in Great 
Britain. These shovels are manufactured at present 
only in America by the Drott Manufacturing Corp., 
Milwaukee, Wisc., and are available in four sizes 7/8, 
11, 2 and 3 cu. yards. They are designed and supplied 
for use only on International crawler tractors, and 
under the new plan the smallest size, the 6.K—3, will 
become available as a completely British manufac- 
tured article in approximately six months. Until then 
demand will continue to be met by fitting imported 
tractors. 

The Drott equipment is used for digging, transport- 
ing and loading earth, and quar- 
ried materials. 

The most notable characteristic 
of the Drott equipment is its pry- 
over-shoe action which applies a 
powerful leverage in digging. In 
the case of the 6.K—3 model the 
pry-out force is 9,000 lb. as com- 
pared with the lifting capacity of 
3,000 Ib. This is easier on the 
tractor and shovel than the actual 
lifting, as the force is transmitted 
into the ground through leverage. 
This feature is of great value when 
digging hard materials. 

The shoes, which act as a ful- 
crum in the digging action, may 
also be used for ground-level 
transportation of the loaded 
shovel. This has the effect of in- 
creasing the operator’s visibility 
and the balance of the entire 
unit. The maximum degree of 
shovel tip-back is obtained at 
ground level and remains the 
same at any height, preventing 
either forward or backward spil- 
lage on tractor and operator. 

The “hydro-spring,” which is 
claimed to be exclusive to Drott 
machines, absorbs the shocks nor- 
mally encountered in front end 
loaders. It consists essentially of a 
hydraulic cylinder enclosed in a 
coil spring. Any shock force op- 
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posing the force of the hydraulic system tends to dis- 
place oil from the lift cylinders. This oil is channelled 
into the “hydro-spring” cylinder, thereby extending 
the cylinder and compressing the coil spring. This 
action absorbs and cushions the shock to an extent 
calculated to be 2/3rds reduction of the whole, thus 
adding life to the hydraulic system, loader, tractor. 
and making things more comfortable for the operator. 

The loading height of model 6.K—3 is 9 ft. 11 in. 
to the bucket hinge pin, while its digging depth below 
ground is 11 in. As the overall width of the shovel 
exceeds that of the tractor it is possible to excavate 
down or through the material to be loaded. 





Drott skid shovel with “Four- 
in-One” attachments being 
used as a blade (top), a bull 
clam (middle), and as a clam 
shell (bottom) 
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Abstracts from the 
World Technical Press 


Les Clées Power Station 

A description is given of this new Swiss hydro- 
electric plant set up between the La Dernier and Mont- 
cherand power stations, thus completing the Orbe 
River Development. A gravitydam, 28 m. in max. height 
and 100 m. in length at the crest, creates a storage 
of 240,000 cu. m. and a head of 170 m. which can be in- 
creased to 620,000 cu. m. and 174 m. respectively, 
without any alteration to the installations, by incor- 
porating the small Les Eterpaz Fall in the scheme. 
Impounding, as it does, the peak-period discharge of 
the La Dernier plant, this daily storage reservoir en- 
ables the available water to be rationally utilised at 
Les Clées and Montcherand. Flood discharge to the 
extent of 195 cu. m. per second is effected through 
an 8 m. dia. circular spillway connecting with a diver- 
sion tunnel and a bottom outlet valve built in in the 
dam. The intake at the dam is fitted with an auto- 
matic trashrack, and stands in front of a remotely 
controlled butterfly valve placed at the head of the 
power tunnel. The latter, 3-5 km. in length, 2°6 m. dia., 
concrete lined throughout, is designed for a discharge 
of 17 cu. m. per second, and connects, upstream of 
Lignerolle, with a differential surge tank 55 m. in 
height. Two butterfly valves are inserted between the 
surge chamber and the penstock, one acting as a 
guard valve, and the other as an emergency valve 
which closes automatically as soon as the normal 
maximum discharge is exceeded; it can also be oper- 
ated from the power house or substation. An inclined 
tunnel, with a gradient of 75 per cent., houses the pen- 
stock, 2:0 m. dia., 200 m. long, which feeds three ver- 
tical generating groups in the underground power 
house. Each group consists of a 10,000 kVA alter- 
nator driven by an 11,500 h.p. Francis turbine. By 
siting the groups close to one of the longitudinal walls, 
the width of the machine hall has been reduced to a 
minimum. The draft tubes of the turbines discharge 
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direct into the tailrace tunnel, 1-2 km. long, 10 sq. m. 
in cross-section, which leads to the intake of the 
Montcherand plant but can also connect with a 320 in. 
long discharge tunnel which returns the water to the 
Orbe downstream of Les Clées gorge. This arrange- 
ment enables the new plant to operate undisturbed 
by floods in the river. A 130 m. extension of the in- 
clined tunnel leads upwards to the transformer station, 
erected on the slope of the hill; in addition to the 
penstock, this tunnel, 330 m. in total length, houses 
the HT and LT cables, an emergency staircase, as well 
as two cable-railways—a fast one for personnel and 
visitors, and a slow one for goods and materials. Fol- 
lowing the fires at the Montcherand and Chandoline 
plants, the transformer station is thoroughly pro- 
tected from fire outbreaks: air-blast circuit breakers 
only are provided, and each of the three main and 
two ancilliary transformers is housed in a fully en- 
closed cubicle with independent oil outlet. Erection 
work is still in progress in the power house proper, 
and it is expected that the plant will be put into ser- 
vice in July, 1955. (Jean Grivat, Bulletin de I’ Associa- 
tion Suisse des Electriciens, Vol. 46, No. 4, February 
19, 1955, p. 149, 7 pp., 13 ff.) 





B.P.A. Projects 345-k V Transmission Grid 

Adoption of extra-high voltage has become un- 
avoidable in. the system controlled by Bonneville 
Power Administration in Oregon and Washington. 
since the capacity of the transmission grid must be 
doubled within the next decade to carry the power 
from the federal generation stations now in opera- 
tion or under construction. Behind the selection of 
345 kV are studies over several years that brought 
out the following basic considerations: (1) An extra- 
high voltage system is much more economical than 
the present exclusive 230 kV grid, and, for the dis- 
tances, circuits and loading involved, 345 kV is 
cheaper than 287 or 400 kV; (2) Considerable savings 
may be achieved by using existing 230 kV phase 
spacing and insulation, but with an increase in con- 
ductor size and operating levels to 287 kV; (3) Use 
of extra-high voltage reduces the number of circuits 
through a limited number of mountain passes; (4) 
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Fig. 1. Showing projected e: 


Integration of the 345 kV and 287 kV lines into the 
existing 230 kV grid through autotransformers and 
230 kV switchgear provides greater flexibility in 
operation and planning, and reduces the initial cost 
of equipment; (5) The conductor that meets economy 
and corona requirements at 345 kV is a 1,120 MCM 
copper-equivalent ACSR cable of 1°602 in. diam.; 
(6) Series capacitors will be added when 345 kV cir- 
cuit loadings above 400 to 500 MW become desirable. 
The projected extra-high voltage circuits that will run 
from generating plants east of the Cascade Mountains 
to load centres around Portiand and Seattle are shown 
in Fig. 1. All these circuits will operate at 230 kV 


_Normolly Open 


xtra-high voltage lines, etc. 


initially; as additional generators are installed and 
more transmission capacity required, identical auto- 
transformers will be provided at both ends of the 
line; switching arrangement and substation layout 
appear from Fig. 2. No spare transformers are con- 
templated, because in the event of failure transformers 
can be by-passed and the line operated at 230 kV at 
reduced capacity. Other aspects of this large-scale 
change from high to extra-high voltage transmission 
discussed in this article are the use of Standard Single 
Conductors, Tower Design Conditions, Ice Prevention 
and Radio Noise. (Electrical World, Vol. 142, No. 16, 
October 18, 1954, p. 117, 4 pp., 5 ff.) 











—_ 


Normally Closed 








th 
‘o- 
IHi#p 


To 230-Kv Switchyord 








— Normolly = 3 
ee Closed 2 
To 345-Kv Line A 
Autotransformer — - 
pa .. i " 
i! --Byposs 
Disconnect 








Corrier- 
Equipment 





poocomy?* 














Ue 






Tronsfer 
Trock 


vette 





Fig. 2. Switching arrangements and pare station layout 
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* Closed Shop ~ Concreting 


[o permit winter concrete work at the intakes and 
power house of Gavins Point Dam, near Yanktown, 
S.D., the contractors, instead of covering over only a 
portion of the structure at a time, have set up a fully 
enclosed shelter which is now 56 ft. high and will be 
gradually raised, as concreting proceeds, until it 
reaches an ultimate height of 96 ft. The L-shaped en- 
closure, 335 = 70 ft. in its principal dimensions, con- 
tains 1-9 million cu. ft. of concrete at a height of 56 ft. 
To hold this cubage at a temperature of 50° against 
the minus 32 deg. cold spells in the Yanktown vicinity, 
two 75 h.p. and two 100 h.p. locomotive-type boilers 
have been installed. The shelter is constructed of | in. 
lumber panels covered with tarpaper. For strength 
against horizontal forces, it is tied into the concrete 
it encloses. The steel columns carrying the roof are 
sacrificed as the concrete rises around them, but the 
gain in winter working time offsets this loss of the 
steel. Continuous beams, the width of the structure, 
rest on top of the columns and carry the roof trusses. 
The roof sections are so built that panels can be lifted 
off to lower concrete buckets. This shelter, the largest 


CLASSIFIED ADVERTISEMENTS 


fnnouncements for this column can be accepted up to the &th 
month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
iated if instructions to insert were acct npanied with remittance. 


of the 


AND TECHNICAL STAFF FOR 
NEW ZEALAND 
The New Zealand Government invites applications for 
appointment to the Permanent Staff of its Ministry of Works 
(Civil Engineering Division) from: 
Civil Engineers 
Assistant Civil Engineers 
Engineer's Assistants 
Field Assistants 
Draughtsmen 
The duties relate to site and other investigations and de- 
sign of proposed hydro-electric schemes to meet an expand- 
ing construction programme but vacancies in the same 
groups and at the same salary range also exist on the general 
work of the Department on roading. bridging, housing estate 
development, water supply. sewage disposal, soil conserva- 
tion and river control, etc. Some housing will now be avail- 
able for suitable married applicants with children, but with- 
out sufficient capital for house purchase in New Zealand. 
Positions, qualifications, salaries and duties as follows: 
VACANCY 1.—-ENGINEERS: A.M.1L.C.E., with more than 
seven years’ post-graduate experience including some in- 
vestigation, design or construction of hydro schemes. 
Salary from £950 to £1,330 according to experience and 
ability. Duties: investigation of proposed hydro schemes 
including analysis of hydrological data, investigation of 
sites and construction materials, preparation of preliminary 
designs and writing preliminary reports 
ACANCY 2.—ASSISTANT ENGINEERS: Qualification 
exempting from Parts I and Il of 1.C.E. Examination with 
at least two years’ post-graduate or training experience in 
design or construction of large civil engineering works. 
A.M.LC.E. an advantage but not essential. Salary from 
£785 to £915 according to experience and ability. To work 
under direction of Engineers on similar duties, for pro- 
posed hydro schemes. 
ACANCY 3.—ENGINEER’S' ASSISTANTS: FIELD 
ASSISTANTS: A.M.1I.Mun.E. or Higher National Certifi- 
cate or study for these or similar qualifications desirable. 
Field Assistants up to £705, and then Engineer's Assistants 
from £745 to £980 according to experience and ability. 
Duties: requirement is for several Field Parties each of six 


PROFESSIONAL 


278 


of its kind in the Missouri Basin, gives working fr 

dom and flexibility, and the use of standard size lun 
ber in panels will ensure a high degree of salv: 

when the work is completed. (Engineering Ne) 

Record, Dec. 30, 1954, p. 18, 1 f.) 


Wenatchee-Chiwawa Development 

Two alternatives are suggested for the proposed 
development of the Wenatchee and Chiwawa rive 
Washington. The first is a two-dam plan and ca lls 
for a main dam 14 miles below Plain, with a diversion 
dam to take water into a tunnel above the mouth of 
Tumwater Canyon. The alternative single-dam pro- 
posal entails the construction of a high dam above 
the Tumwater Canyon mouth, and would require the 
relocation of a section of the GNR line. Either plan 
would add eight miles to the length of lake Wenatchee. 
Three power plants are also included in the project: 
one of 10,000 to 15.000 kW at the Chiwawa dam. 
another of the same capacity below Plain, and a 
120,000 to 150,000 kW plant at Leavenworth. (Engin- 
eering News-Record, Vol. 143, No. 15, April 11, 1955, 
p. 27.) 


men fer surveys and investigations and field draughting 
for proposed hydro schemes. Each Party will comprise a 
senior Engineer's Assistant. two Engineer's Assistants — 
three Field Assistants, and appointments are available ¢ 
all levels. Substantial practical engineering experience ih 
adequate survey experience, preferably on similar work, 
desired. 
VACANCY 4.--DRAUGHTSMEN: Higher National Cer- 
tificate desirable but not essential. Salaries: £745 to £915, 
according to experience and ability. Duties: compilation of 
survey plans of proposed schemes, preparation of graphs, 
tables. and detailed drawings for investigation reports, 
preparation of hydrological plans and statistical analysis 
of river flow data. Previous experience on this type of 
work not essential but high standard of draughtsmanship 
required. Also one position for preparation of graphs, 
lay-outs of survey plans and plans of plant and equip- 
ment arrangements for geothermal steam investigations. 
Further information, conditions of appointment and appli- 
cation forms obtainable on reauest from High Commissioner 
for New Zealand, 415 Strand. London, W.C.2. quoting 
reference number 3/74/120 and mentioning this paper. 
Completed applications in duplicate accompanied by 
copies only of two recent testimonials (also in duplicate) 
to be lodged as soon as possible. 


PLANT FOR SALE 

THE CEMENTATION CO. LTD. is offering for sale the 
Plant which has been in use on its Erne Development Con- 
tract at Belleek since early 1953. With some small exceptions 
the plant was all bought new during 1953 and 1954, has been 
properly maintained and serviced, and is in good condition. 
The plant comprises:— Heavy Excavators, Pontoons. Barges, 
Launches and Boats, Winches, Compressed Air Tools, Rock 
Drills. Workshop Equipment, Pumps, Bulldozers, Motor 
Vehicles, Electrical Plant and Equipment, Sectional Timber 
Buildings. Camp Furniture and Eouipment, Office Furni- 
ture and Equipment, Powers-Samas Accounting Machines. 
Potential buyers may have full details of or inspect any items 
in which they are interested on application to: The Cementa- 
tion Co. Ltd., Site Office, Belleek, Co. Fermanagh. 


CONSULTING ENGINEERS 
QUALIFIED CIVIL ENGINEER, 30-35, experienced in 
design and construction of Water Works, required im- 
mediately for design in London and to proceed to North 
Borneo early in 1956 as Resident Engineer. Office hours 9.30 
to 5.30. One Saturday in six. Paid holiday this year. For 
application form apply Sir Bruce White, Wolfe Barry « 
Partners, 1. Lygon-place, Victoria, S.W.1. 
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